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THE    MIDLAND    INSTITUTE 


OP 


MINING,  CIVIL,  AND  MECHANICAL  ENGINEERS. 


RULES. 


1. — That  the  "South  Yorkshire  Viewers'  Association"  in  future  be  called 
"The  Midland  Institute  of  Mining,  Civil,  and  Mechanical  Engineers." 

2. — That  the  objects  of  the  Midland  Institute  of  Mining,  Civil,  and  Mechanical 
Engineers  are  to  enable  its  Members  to  meet  together  at  fixed  periods,  and  to 
discuss  the  means  for  the  ventilation  of  coal  and  other  Mines,  the  winning  and 
working  of  Collieries  and  Mines,  the  prevention  of  Accidents,  and  the  advance- 
ment  of  the  science  of  Mining  Engineering  generally. 

3.— The  Members  of  the  Midland  Institute  of  Mining,  Civil,  and  Mechanical 
Engineers  shall  consist  of  Ordinary,  Life,  and  Honorary  Members. 

4.— Ordinary  and  Life  Members  shall  be  persons  educated  or  practising  as 
Mining,  Mechanical,  or  Civil  Engineers,  or  persons  having  a  direct  interest  in  or 
the  responsible  management  of  operations  connected  with  mining,  and  pursuant  to 
the  request  of  the  Council  of  The  Federated  Institution  of  Mining  Engineers,  that 
the  Members  of  each  Institute  should  be  classified  in  accordance  with  Rule  8, 
as  follows : — 

"8. — A. — If  desired  by  the  Council,  any  of  the  Federated  Institutes  shall 
revise  their  Bye-Laws,  in  order  that  their  members  shall  consist  of  Ordinary 
Members,  Associate  Members,  and  Honorary  Members,  with  Associates  and 
Students,  and  Section  L  following  shall  be  a  model  Bye-Law  to  be  adopted 
by  any  society  when  so  desired  by  the  Council. 

B. — The  members  shall  consist  of  Ordinary  Members,  Associate  Members, 
and  Honorary  Members,  with  Associates  and  Students  : — 

{a)  Each  Ordinary  Member  shall  be  more  than  twenty-three  years  of 
age,  have  been  regularly  educated  as  a  mining,  metallurgical,  or 
mechanical   engineer,    or   in   some   other   branch   of  engineering 
according  to  the  usual  routine  of  pupilage,  and  have  had  sub- 
sequent employment  for  at  least  two  years  in  some  responsible 
situation  as  an  engineer ;  or  if  he  has  not  undergone  the  usual 
routine  of  pupilage,  he  must  have  been  employed  or  have  practised 
as  an  engineer  for  at  least  five  years. 
(b)  Each   Associate   Member  shall  be  a  person   connected  with   or  in- 
terested in  mining,  metallurgy,  or  engineering,  and  not  practising 
as  a  mining,  metallurgical,  or  mechanical  engineer,  or  some  other 
branch  of  engineering. 
(q)  Each   Honorary   Member   shall  be  a  person  who  has  distinguished 
himself  by  his  literary  or  scientific  attainments,  or  who  may  have 
made  important  communications  to  any  of  the  Federated  Institutes. 
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{d)  Associates  shall  be  persons  acting  as  underviewers,  under-managers, 
or  in  other  subordinate  positions  in  mines  or  metallurgical  works,  or 
employed  in  analogous  positions  in  other  branches  of  engineering, 
(e)  Students   shall   be   persons  who  are  qualifying   themselves  for  the 
profession  of  mining,  metallurgical,  or  mechanical  engineering,  or 
other  branch  of   engineering,    and   such  persons  may   continue 
Students  until  they  attain  the  age  of  twenty-five  years." 
It  has  been  resolved,  at  a  meeting  of  the  Council,  that  the  Members  of  this 
Institute  on  the  register  on  June  30th,  1893,  shall  be  classified  as  Members  under 
part  B,  sec.  (a),  and  that  all  nominations  in  future  must  state  the  class  to  which 
Members  wish  to  belong,  the  Council  reserving  to  themselves  the  right  to  recom- 
mend to  a  General  Meeting  the  alteration  of  such  classification  should  they  think 
necessary. 

5. — Honorary  Members  shall  be  Mining  Inspectors  during  the  term  of  their  office, 
and  other  persons  who  have  distinguished  themselves  by  their  literary  and  scientific 
attainments,  or  who  have  made  important  communications  to  the  society. 

6. — The  annual  subscription  for  each  Ordinary  Member  shall  be  £1  10s.  payable 
in  advance,  and  the  same  shall  be  considered  due  and  payable  on  the  first  Tuesday 
in  July,  each  year,  or  immediately  after  election.  If  the  subscription  be  not  paid 
within  three  months  the  defaulter's  name  shall  be  posted  up  in  the  Meeting  Room  : — 
And  any  Member  whose  subscriptions  shall  be  in  arrear  for  six  moutha,  shall  be 
considered  as  withdrawn  from  the  Institute,  and  his  name  erased  from  the  list  of 
Members  after  one  month's  notice  from  the  Secretary. 

7. — Members  who  shall  at  one  time  make  a  donation  of  £20,  or  upwards,  shall 
be  Life  Members. 

8. — Persons  desirous  of  becoming  Members  shall  be  proposed  at  a  General 
Meeting.  The  nomination  shall  be  in  writing,  and  signed  by  two  Ordinary 
Members,  and  shall  state  the  name,  residence,  and  occupation  of  the  person 
proposed.  The  proposal  shall  be  hung  up  in  the  Room  of  the  Institute,  at 
Barnsley,  for  one  month,  and  the  election  shall  take  place  at  the  next  Meeting. 

9. — That  the  Officers  of  the  Institute  shall  consist  of  a  President  (who  shall  be 
a  Mining,  Civil,  or  Mechanical  Engineer),  three  Vice-Presidents  (not  more  than 
one  of  whom  shall  be  a  Mechanical  Engineer),  eight  Councillors  (not  more  than 
three  of  whom  shall  be  Mechanical  Engineers),  a  Treasurer  and  Secretary,  who 
shall  constitue  a  Council,  for  the  direction  and  management  of  the  affairs  of  the 
Institute.  The  President,  Vice-Presidents,  and  Councillors  shall  be  elected  at  the 
Annual  Meeting,  and  shall  be  eligible  for  re-election  with  the  exception  of  any 
President  or  Vice-President  who  may  have  held  office  for  the  three  immediately 
preceding  years,  and  such  four  Councillors  as  may  have  attended  the  fewest 
Council  Meetings  during  the  past  year :  but  such  Members  shall  be  eligible  for 
re-election  after  being  one  year  out  of  office.  The  election  of  all  Officers  shall  be 
by  Ballot.  Ballot  Papers,  with  a  list  of  Officers,  shall  be  posted  by  the  Secretary 
to  all  Members  of  the  Institute  at  least  fourteen  days  previous  to  the  Annual 
Meeting ;  such  Ballot  Papers  to  be  by  them  filled  up  and  returned  under  cover 
either  personally  or  through  the  post,  addressed  to  the  Secretary,  so  as  to  be  in  his 
hands  before  the  hour  fixed  for  the  election  of  Officers.  The  Chairman  shall,  in  all 
cases  of  voting,  appoint  Scrutineers  of  the  lists,  and  the  scrutiny  shall  commence 
on  the  conclusion  of  the  other  business  of  the  Meeting.  At  Meetings  of  the 
Council,  five  shall  form  a  quorum,  and  the  Minutes  of  the  Council's  proceedings 
shall  be  at  all  times  open  to  the  inspection  of  the  Members  of  the  Institute. 

10. — That  Presidents  who  have  become  ineligible  shall  be  ex-ojjicio  Members  of 
the  Council  so  long  as  they  continue  Members  of  the  Institute. 
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11. — A  General  Meeting  of  the  Institute  shall  be  held  on  the  first  Wednesday 
in  everj  month,  excepting  the  months  of  January  and  June,  at  two  p.m.,  and  the 

Annual  Meeting  In  the  month  of  July  shall  DC  held  in  the  Kooni  of  the  Institute 
at    Barnsley,  at    which  a  report   of  the  proceedings,  and  an  abstract  of  the  audited 

aooounts  of  the   previous  year  shall   be  presented  by  the  Council.     A  Special 

Meeting  of  the  Institute  may  be  called  whenever  the  Council  shall  think  fit, 
excepting  the  months  excepted,  and  also  on  a  requisition  to  the  Council,  signed  by 
ten  or  more  Members.  The  Council  shall  decide  where  the  monthly  Meeting  shall 
be  held.     The  Members  in  any  District  wishing  the  monthly  Meeting  to  be  held  in 

shall  make  application  in  writing  to  the  Council,  for  permission  to  hold  such 
Meeting,  and  shall  provide  a  suitable  room  and  make  all  necessary  arrangements 
for  that  Meeting  free  of  expense  to  the  Institute. 

12. — Every  question  which  shall  come  before  any  Meeting  of  the  Institute, 
shall  be  decided  bj^  the  votes  of  the  majority  of  the  Ordinary  and  Life  Members 
then  present. 

13. — The  funds  of  the  Society  shall  be  deposited  in  the  hands  of  the  Treasurer, 
and  shall  be  disbursed  by  him  according  to  the  directions  of  the  Council. 

14. — All  papers  intended  to  be  read  to  the  Institute  shall  be  sent  for.  the 
approval  of  the  Council,  accompanied  by  a  short  abstract  of  their  contents. 

15. — The  Council  shall  have  power  to  decide  on  the  propriety  of  communicating 
to  the  Institute  any  papers  which  they  receive,  and  they  shall  be  at  liberty,  when 
they  think  it  desirable,  to  direct  any  paper  read  before  the  Institute  to  be  printed 
and  transmitted  to  the  Members.  Intimation,  when  practicable,  shall  be  given  at 
the  close  of  each  General  Meeting,  of  the  subject  of  the  paper  or  papers  to  be  read, 
and  of  the  questions  for  discussion  at  the  next  Meeting,  and  notice  thereof  shall  be 
given  by  circular  to  each  Member.  The  reading  of  the  papers  shall  not  be  delayed 
beyond  such  an  hour  as  the  President  may  think  proper,  and  if  the  election  of 
Members,  or  other  business  should  not  be  despatched  soon  enough,  the  President 
may  adjourn  such  business  until  after  the  discussion  of  the  subject  of  the  day. 

16. — Members  elected  at  any  Meeting  between  the  Annual  Meetings  shall  be 
entitled  to  all  the  papers  issued  in  that  year,  providing  that  subscriptions  be  not 
in  arrear. 

17. — The  copyright  of  all  papers  communicated  to,  and  accepted  by  the 
Institute,  shall  become  vested  in  the  Institute,  and  such  communication  shall  not 
be  published,  for  sale  or  otherwise,  without  the  permission  of  the  Council. 

18. — That  each  Member  who  may  have  taken  part  in  the  discussion  upon  any 
subject  shall  have  a  proof  copy  sent  him  by  the  Secretary  for  correction  ;  such  copy 
to  be  returned  to  the  Secretary  not  later  than  three  days  from  the  date  of  its 
receipt. 

19. — The  Institute  is  not,  as  a  body,  responsible  for  the  facts  and  opinions 
advanced  in  the  papers,  nor  in  the  abstracts  of  the  conversations  at  the  Meetings 
of  the  Institute. 

20. — The  Transactions  of  the  Institute  shall  not  be  forwarded  to  Members 
whose  subscriptions  are  in  arrear. 

21. — No  duplicate  copy  of  any  portion  of  the  proceedings  shall  be  issued  to  any 
of  the  Members  unless  by  written  order  from  the  Council. 

22. — Each  Member  of  the  Institute  shall  have  power  to  introduce  a  stranger  to 
any  of  the  General  Meetings  of  the  Institute,  and  shall  sign  in  a  book  kept  for 
that  purpose,  his  own  name,  as  well  as  the  name  and  address  of  the  person 
introduced,  but  such  stranger  shall  not  take  part  in  any  discussion  or  other 
business,  unless  permitted  by  the  Meeting  to  do  so. 
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23. — No  alteration  shall  be  made  in  any  of  the  Laws,  Rules,  or  Regulations  of 
the  Institute  except  at  the  Annual  Meeting,  and  the  particulars  of  every  such 
alteration  shall  be  announced  at  the  previous  General  Meeting,  and  inserted  in  its 
minutes,  and  shall  be  exhibited  in  the  Room  of  such  Institute  at  the  Meeting 
previous  to  such  Annual  Meeting,  and  such  Meeting  shall  have  power  to  adopt 
iinv  modification  of  such  proposed  alteration  or  addition  to  the  Rules. 

'24. — The  author  of  each  paper  read  before  the  Institute  shall  be  allowed  twelve 
copies  oi  such  paper  (if  ordered  to  be  printed)  for  his  own  private  use. 
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MIDLAND    INSTITUTE   OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 
Held  in  the  Harvey  Institute,  Barnsley,  March  27th,  1897. 

Mr.  G.  B.  WALKER,  President,  in  the  Chair. 


Mr.  E.   W.  Thirkell  read  the  following  paper  on  "  Adequate 
Ventilation  and  Noxious  Gases  "  : — 

ADEQUATE  VENTILATION,  AND  NOXIOUS  GASES  :  WITH 
SPECIAL  REFERENCE  TO  THE  RECOMMENDATIONS 
OF  THE  ENGLISH,  FRENCH,  PRUSSIAN,  AND  AUSTRIAN 
FIRE-DAMP  COMMISSIONS. 


By  E.  W.  THIRKELL. 


The  following  extracts  are  taken  from  the  General  Rules  of  the  Coal 
Mines  Regulation  Act,  1887,  and  form  the  basis  of  the  subjects  treated  in 
this  paper  : — 

(1)  Ventilation. — An  adequate  amount  of  ventilation  shall  be  constantly 
produced  in  every  mine  to  dilute  and  render  harmless  noxious  gases  to  such  an 
extent  that  the  working -places  of  the  shafts,  levels,  stables,  and  workings  of  the 
mine,  and  the  travelling  roads  to  and  from  those  working-places  shall  be  in  a  fit 
state  for  working  and  passing  therein. 

(2)  Where  a  fire  is  used  for  ventilation  ....  the  return  air,  unless  it  be 
so  diluted  as  not  to  be  inflammable     .... 

(7)  Dangerous  Places. — If  at  any  time  ....  that  by  reason  of  inflam- 
mable gases  prevailing  in  the  mine  ....  the  mine  or  that  part  is  dangerous 
.  .  .  .  if  the  danger  arises  from  inflammable  gas,  shall  inspect  the  mine  or 
part  with  a  locked  safety-lamp  ....  and  a  workman  shall  not,  except  in  so 
far  as  is  necessary  for  enquiring  into  the  cause  of  danger,  or  for  the  removal 
thereof,  or  for  exploration,  be  readmitted     ....     until  the  same  is  stated 

not  to  be  dangerous. 

(8)  Naked  Lights — No  lamp  or  light  other  than  a  locked  safety-lamp  shall  be 
allowed  or  used — (a)  In  any  place  in  a  mine  in  which  there  is  likely  to  be  any  such 
quantity  of  inflammable  gas  as  to  render  the  use  of  naked  lights  dangerous. 

(9)  Safety -lamps. — Wherever  safety-lamps  are  used  they  shall  be  so  constructed 
that  they  may  be  safely  carried  against  the  air-current  ordinarily  prevailing  in  that 
part  of  the  mine  in  which  the  lamps  are  for  the  time  being  in  use,  even  though  such 
current  should  be  inflammable. 
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The  writer  has  prepared  this  paper  in  the  belief  that  an  investigation 
into  the  interpretation  of  these  rules  would  be  interesting  to  the  members. 

(I.)  An  Adequate  Amount  of  Ventilation. 

((f)  Respiration  of  J  fen. — The  respirations  of  healthy  persons  from 
25  to  80  years  of  age  average  16  per  minute.  The  act  of  inspiration 
occupies  longer  than  that  of  respiration  in  the  ratio  of  12  to  10  in  adult 
males.  The  quantity  of  air  which  the  lungs  take  in  at  each  inspiration 
is  on  an  average  34  cubic  inches  when  the  person  is  at  rest.  So  that 
(34  cubic  inches  x  16  or)  544  cubic  inches  of  air  are  required  per 
minute.  Dr.  J.  S.  Haldane,  in  his  report,"  states  that  "  100  cubic  feet 
of  air  would  suffice  to  keep  a  man  alive  for  10  hours."  This  volume  is 
only  at  the  rate  of  28S  cubic  inches  per  minute,  so  that  the  air  would  be 
breathed  twice  over  (544-1-288).  Prof.  F.  Clowes  states  fchatf  '"'the 
same  air  might  be  breathed  in  again  and  again  three  or  four  times  before 
it  became  inconvenient  or  uncomfortable  to  breathe." 

Tn  breathing,  about  4  per  cent,  of  carbon  dioxide  is  given  off  from 
the  lungs,  consequently  a  person  would  exhale  (4  per  cent,  of  544  cubic 
inches  or)  21*76  cubic  inches  per  minute.  Ordinary  air  contains  0*04 
per  cent,  of  carbon  dioxide,  so  that  a  man  vitiates  it  to  the  extent  of 
(21*76  cubic  inches -r- 0"04  or)  544  cubic  inches;  consequently  544 
cubic  inches  of  fresh  air  will  be  required  to  purify  that  vitiated,  in 
addition  to  the  544  cubic  inches  required  for  breathing,  or  (544  +  544 
or)  1,088  cubic  inches  per  minute  for  ordinary  breathing  ;  but  the 
atmosphere  is  also  made  unhealthy  by  the  poisonous  addition  of  effete 
or  refuse  material  which  is  being  constantly  exhaled  from  the  lungs  and 
skin  of  men  and  horses— especially  when  hard  at  work.  The  impurity 
in  the  air  varies  according  to  the  space  per  individual,  and  it  is  not 
desirable  to  have  many  men  and  horses  working  close  together.  Each 
adult  requires  about  1,000  cubic  feet  of  space  for  healthy  breathing. 

In  order  to  arrive  at  an  estimate  of  the  extra  quantity  of  air  required 
when  the  men  and  horses  are  working,  the  following  figures  have  been 
adopted,  in  the  absence  of  more  reliable  information:  — 

If  the  air  inspired  in  a  lying  position  be  taken  as  unity,  then  the  air 
inspired  in  a  sitting  position  may  be  taken  at  1*18  ;  when  walking  1 
mile  an  hour,  at  1*9  ;  3  miles  an  hour,  at  3'22  ;  and  6  miles  an  hour,  at 
7*00.  Walking  at  the  rate  of  1  mile  an  hour  is  equal  to  17^  foot-tons  of 
energy,  and  at  4  miles  an  hour,  to  70  foot-tons  ;  a  man's  ordinary  work 

*  Causes  of  Death  in  Colliery  Explosions,  1806,  page  33. 
+  Tram.  Fed.  Inst.,  vol.  ix.,  page  389. 
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ua  equal  fco  800  foot-tons,  and  very  hard  work  to  403  foot-tons.  So  that 
lying  down  being  taken  as  unity,  an  ordinary  day's  work  would  bo  equal 
bo  about  oi\  and  as  a  person  at  rest  requires  1,088  cubic  inches  of  fresh 
air  per  minute,  he  would  require  (1,088  cubic  inches  x  82  or)  34,810 
cubic  inches,  or  about  20  cubic  feet  per  minute  when  working. 

(b)  Respiration  of  Horses. — An  average  horse  respires  12  times  a 
minute  (when  at  rest),  and  about  250  cubic  inches  will  be  expired  at 
each  respiration,  of  which  4*7  per  cent,  will  be  carbon  dioxide.  A  horse 
at  rest  therefore  requires  (12  x  250  cubic  inches  or)  3,000  cubic  inches 
pei-  minute  for  breathing,  and  of  this  4*7  per  cent,  is  carbon  dioxide,  or 
111  cubic  inches  is  converted  into  carbon  dioxide,  and  it  will  require 
(141  cubic  inches  -f-  0*04  or)  3,525  cubic  inches  per  minute  to  purify  it  ; 
a  horse  therefore  requires  3,000  cubic  inches  for  breathing,  and  3,525 
cubic  inches  in  addition  to  purify  that  breathed,  making  6,525  cubic 
inches  of  air  per  minute  altogether. 

Pit-horses  and  ponies  are  generally  much  less  than  those  employed  on 
the  surface,  and  for  the  purpose  of  this  paper  it  will  be  desirable  to 
deduct  25  per  cent,  from  the  above  result ;  leaving  4,894  cubic  inches  of 
air  required  for  a  pit-horse  when  at  rest,  and  (4,894  cubic  inches  x  32  or) 
156,608  cubic  inches,  or  say  90  cubic  feet  of  air  per  minute  when 
working. 

(c)  Combustion  of  Lamps. — In  an  experiment,  a  safety-lamp,  enclosed 
in  an  air-tight  vessel  of  489  cubic  inches  capacity,  used  the  air  in  3 
minutes,  or  at  the  rate  of  163  cubic  inches  per  minute.  One-fifth 
of  the  air  would  be  used  up  in  burning,  so  that  (163  cubic  inches 
-r-  5  or)  32' 6  cubic  inches  of  air  would  be  used  per  minute.  Then 
(163  +  32*6  or)  195*6  cubic  inches  would  be  required  per  minute,  of 
which  3  per  cent,  would  be  carbon  dioxide,  or  (195*6  cubic  inches  x  3 
per  cent,  or)  5*868  cubic  inches,  and  to  restore  the  air  thus  vitiated  to  its 
normal  state  would  require  (5*868  cubic  inches  -*-  0*04  or)  146*7  cubic 
inches;  and  (195*6  +  146*7  or)  342*3  cubic  inches  of  fresh  air  per 
minute.  The  air  vitiated,  however,  depends  upon  the  quality  of  oil  used, 
as  some  oils  (benzolene)  require  a  smaller  volume  of  air  to  produce  perfect 
combustion  than  others  (rape  oil).* 

It  has  thus  been  shown  that  a  man  at  work  requires  20  cubic  feet,  a 
horse  at  work  90  cubic  feet,  and  a  lamp  342*3  cubic  inches  (i  cubic 
foot)  of  fresh  air  per  minute,  for  ordinary  purposes. 

*  Trans.  Fed.  Inst.,  vol.  ii.,  page  355. 
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(II.)  Gases. 

It  is  necessary  now  to  consider  what  quantity  of  air,  in  addition  to 
the  above,  is  required  in  respect  of  the  gases  met  with  in  the  mine.  For 
a  description  of  the  gases,  the  writer  has  chiefly  referred  to  Dr.  Haldane's 
Report  on  the  Causes  of  Death  in  Colliery  Explosions,  etc.,*  as  being,  to 
some  extent,  official. 

Carbon  Dioxide  or  Carbonic  Acid  (Choice- damp). — In  breathing  air  containing 
increasing  proportions  of  carbon  dioxide,  the  first  distinct  effects  are  felt  with 
about  3  or  4  per  cent.  The  respirations  become  somewhat  deeper,  but  nothing 
further  is  experienced.  .  .  .  With  about  6  per  cent,  there  is  distinct  panting. 
At  the  same  time  slight  frontal  headache  may  be  felt.  .  .  .  At  7  or  8  per 
cent,  the  panting  is  very  distressing,  especially  at  first;  and  with  10  or  11  per 
cent,  the  respiratory  distress  is  extreme.  ...  15  per  cent.  .  .  .  extin- 
guishes lights,  t 

Table  I.  gives  a  summarized  result  of  the  effects. 

Table  I.J 

Effects  on  Lights. 

Still  burns. 
jj 

Extinguished. 

Oxygen  and  Nitrogen. — When  the  oxygen  percentage  of  air  is  gradually  reduced 
by  absorption  of  the  oxygen,  or  (what  is  exactly  the  same  thing)  by  addition 
of  nitrogen,  very  little  may  be  felt  before  the  occurrence  of  impairment  of  the 
senses  and  loss  of  power  over  the  limbs.  § 

Table  II.  shows  the  effects  on  man  and  lights. 

Table  II.  II 


Percentage  of 

Carbon  Dioxide 

present. 

3o 

Effects  on  Man 
Breathing  deeper 

GO 

Marked  panting 

10-0 

Severe  distress... 

150 

Partial  loss  of  consciousness . . 

25-0 

Final  death       

Percentage 

of  Oxygen 

present. 

Percentage 

of  Nitrogen 

present. 

Effects  on  Man. 

Effects  on  Lights. 

173 

82-7 

Nil 

Extinguished. 

120 

88-0 

Breathing  slightly  deeper 

>> 

9-0 

91-0 

Breathing  deeper  and  more 
frequent.     Face  bluish 

>5 

5-0 

95-0 

Loss  of  consciousness  and 
final  death 

J5 

0-0 

..       100-0 

Death,  with  convulsions 

>J 

Black-damp. — Black-damp  is  not  a  pure  gas,  but  a  mixture  containing  about 
87  per  cent,  of  nitrogen  and  13  per  cent,  of  carbon  dioxide.  The  dangers  to  lifo 
arising  from  black-damp  evidently  depend  on  the  reduction  which  it  causes  in  the 
oxygen  percentage  of  the  air.     .     .     .     Before  any  real  danger  can  occur,  the  car- 

*  Also  Detection  and  Estimation  of  Inflammable  Gas  and  Vapour  in  the  Air, 
by  Prof.  Clowes,  page  18. 

f  Causes  of  Death  in  Colliery  Explosions,  page  15. 

X  Ibid.,  Table  I.,  page  21.         §  Ibid.,  page  15.         ||  Ibid.,  Table  L,  page  21. 
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bonio  arid  will,  by  causing  severe  panting,  have  given  distinct  warning  of  the 
impending  danger,  .  .  .  Excess  of  carbonic  acid  produces  panting  far  more 
rapidly  than  does  a  corresponding  deficiency  of  oxygen.  .  .  .  With  carbonic 
acid  the  panting  begins  long  before  there  is  serious  danger,  while  panting  from 
deficiency  of  oxygen  hardly  occurs  until  danger  is  imminent.  The  presence  of  the 
carbonic  acid  in  black-damp  thus  gives  a  valuable  and  timely  warning  of  approach- 
ing danger.  .  .  .  An  atmosphere  which  has  been  rendered  just  distinctive  to 
lamps  from  admixture  with  nitrogen  or  black-damp  is  harmless  to  men.  In  case 
of  urgent  necessity,  a  man  may  penetrate  without  harm  into  an  atmosphere  con- 
taining four  times  as  much  black-damp  as  would  extinguish  a  lamp.* 

Table  III.  exhibits  the  effect  on  man  and  lights. 


Percentage  of  Black- 

damp  (containing  87 

per  cent,  of  Nitrogen 

and  13  per  cent,  of 

Carbon  Dioxide)  present. 

Table  Ill.f 

Effects  on  Man. 

Effects  on  Lights 

16 

28 

Nil           

Breathing  slightly  deeper 

Extinguished 

50 

Severe  panting  .. . 

>> 

66 

Life  endangered 

55 

Fire-damp. — The  action  on  man  of  methane  or  fire-damp  is  exactly  the  same  as 
that  of  nitrogen.  .  .  .  Fire-damp  only  acts  by  diluting  the  oxygen  of  the  air. 
It  follows  from  this  that  air  containing  as  much  as  50  or  60  per  cent,  of  fire-damp 
may  be  breathed  for  a  time  without  harm.  J 

Table  IV.  exhibits  the  effects  of  fire-damp  or  methane. 


Percentage 

of  Fire-damp 

present. 

1-0 

2-0 

5-5 

45-0 

70-0 


Table  IV.  § 

Effects  on  Man. 


Nil 


Breathing  slightly  deeper 
Life  endangered. 


Effects  on  Lights. 


First  indication  of  a  cap. 
Well-formed  cap. 
Lamp  fires  and  goes  out. 


Sulphuretted  Hydrogen. — It  occasional^  happens  that  fire-damp  is  mixed  with 
traces  of  sulphuretted  hydrogen.  This  is  easily  recognized  by  the  smell  of  rotten 
eggs.  Sulphuretted  hydrogen  is  excessively  poisonous  ;  as  little  as  0*1  per  cent, 
will  cause  rapid  loss  of  consciousness  and  death.  Smarting  of  the  eyes  and  catch- 
ing of  the  breath  are  signs  of  imminent  danger  from  this  gas.  || 

This  gas  is  generated  by  the  putrefaction  of  animal  matters  ;  also  by 
the  de-oxidation  of  sulphates  in  presence  of  decaying  organic  matter  ;  it 
is  a  product  of  the  explosion  of  gunpowder,  and  of  the  decomposition  of 
iron  pyrites  ;  it  also  is  found  in  old  workings  with  standing  water. 


*  Causes  of  Death  in  Colliery  Explosions ,  page  16. 
\  Ibid.,  page  16.  §  Ibid.,  Table  II.,  page  21. 


t  Ibid.,  Table  II.,  page  21. 
||  Drid.,  page  16. 
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Carbon  Monoxide.  —The  symptons  produced  by  it  [carbon  monoxide]  are  .  . 
due  to  partial  or  complete  absence  of  oxygen  in  the  air  breathed  .  .  .  with 
0-2  per  cent,  [in  the  air]  .  .  .  complete  helplessness,  with  loss  of  consciousness 
would  doubtless  occur  .  .  .  0'30  per  cent,  would  certainly  cause  death  in 
time  .  .  .  Many  lives  have  been  lost  through  ignorance  of  the  fact  that  the 
lamps  .  .  .  give  no  direct  indication  of  carbon  monoxide.  Like  other  explo- 
sive gases,  it  shows  a  cap  on  an  ordinary  flame  if  present  in  a  higher  proportion 
than  about  1  per  cent.,  but  in  after-damp  and  gob-stink  carbon  monoxide  ah\ 
occurs  in  combination  with  such  an  excess  of  nitrogen  that  the  lamp  is  extinguished 
before  it  can  show  a  cap  .  .  .  when  more  than  16  per  cent,  of  after-damp,  or 
about  0*5  per  cent,  of  carbon  monoxide  is  present,  a  lamp  will  be  extinguished. 
Hence  the  indications  of  a  lamp  will,  at  least,  prevent  a  man  from  going  into  an 
atmosphere  which  is  very  rapidly  poisonous  from  carbon  monoxide.  * 

Table  V.  exhibits  the  effects  of  carbon  monoxide. 

Table  V.+ 

Percentage  of  Carbon  Effects  on 

Monoxide  present.  Effects  on  Man.  Lights. 

0*05         ...         After  \  hour  or  more,  slight  giddiness 

on  exertion   ...         ...         ...         ...         ...         — 

O'lO         ...         After  |  hour  or  more,  inability  to  walk         ...         — 

0*20  ...  After  ^  hour  or  more,  loss  of  consci- 
ousness and  perhaps  final  death  ...         ...         — 

1-00  ...  After  a  few  minutes,  loss  of  consci- 
ousness and  final  death      ...         ...         ...         Cap.  J 

After-damp. — After  explosion,  the  hot  after-damp  would  consist  of  :— 

Nitrogen  7071    V    71.55 

Argon 0-85   j 

Carbonic  acid    ...         ...         ...         ...         ...     9  *50 

Aqueous  vapour  ...         ...         ...         18*95 


100-00§ 
After-damp  might  cause  death  either  from  deficiency  of  oxygen  or  from  the 
presence   of  carbon-monoxide.      If  the  after-damp  were   quite  free  from  air  or 
oxygen,  it  could  make  no  difference  whether  carbon-monoxide  were  present  or  not, 
since  carbon-monoxide  has  the  same  action  as  deficiency  of  oxygen.  || 

Table  VI.  exhibits  its  effects  on  man  and  lights. 

Table  VI.  f 

Percentage  of  After- 

JS££E3oi&&  Etfe*s  °*  *»■  Eff*cts  on  Lishts- 

Monoxide)  present. 

2*0         ...  After  \  hour  or  more,  slight  Nil. 

giddiness  on  exertion 

3 "5         ...  Inability  to  walk     ...         ...           ,, 

7*0         ...  Loss  of  consciousness          ...           , , 

10-0         ...         Death Burns  rather  dimly. 

160         ...  ,,      Extinguished. 

*  Causes  of  Death  in  Colliery  Explosions,  pages  17  and  19. 

t  Rid.,  Table  I.,  page  21.         J  Ibid.,  page  19.         §  Ibid.,  page  8. 

|j  Ibid.,  page  22.  IF  Ibid.,  Table  II.,  page  21. 
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StUphurous  Acid. — It  seems  probable  that  .sulphurous  acid  is  present  in  after- 
damp, and  causes  the  well  known  irritation  of  tho  eyes  and  air-passages.  .  .  . 
A>  little  as  0*001  percent,  produces  slight  irritation  of  the  respiratory  passages. 
With  0*003  per  cent.,  the  symptoms  of  irritation  are  very  marked.  .  .  .  About 
0*01  percent,  was  sufficient  to  cauBe  death  after  some  time.  Sulphurous  acid  is 
thus  an  exceedingly  poisonous  gas  ;  but  the  symptoms  of  irritation  caused  by  it 
Beem  to  occur  long  before  there  could  be  any  danger  to  life.  Its  presence  in  after- 
damp therefore  affords  a  valuable  indication  of  danger.* 

Firr-'l nun.—  Fire-damp  will  now  be  considered,  as  being  the  principal 
inflammable  gas  referred  to  in  the  General  Rules.      What  quantity  or 
percentage   is   inflammable   and   will   render  the   use   of   naked   lights 
dangerous  ? 

Mr.  A.  H.  Stokes,  in  his  evidence  respecting  the  Blackwell  explosion, 
said  that  "2  per  cent,  was  safe  with  a  naked  light :  he  should  not  consider 
2  per  cent,  dangerous,  though  it  would  require  watching.  An  ordinary 
safety -lamp  would  show  3  per  cent,  of  gas." 

Prof.  F.  Clowes  states  that,  when  air  contains  less  than  5  per  cent,  of 
fire-damp,  it  cannot  be  fired  by  a  flame  unless  it  is  also  mixed  with  a  large 
amount  of  fine  suspended  coal-dust,|  Messrs.  Mallard  and  Le  Chatelier 
give  5*6  and  6  per  cent.,  whilst  the  English  Commissioners'  Report 
states  that  "  our  experiments  with  lamps  in  gas  mixtures  have  led  us  to 
the  conclusion  that  when  little  more  than  4  per  cent,  of  marsh  gas  is 
present,  flame  may  be  transmitted  under  circumstances  which  occur  in  a 
mine."t 

The  Prussian  Fire-damp  Commissioners  made  some  experiments  in 
1887  with  a  naked  light  let  down  into  a  chamber  filled  with  gas  in 
varying  proportions,  and  it  was  not  until  the  mixture  contained  6  per 
cent,  of  gas  that  the  "phenomenon  produced  the  impression  of  an 
explosion,"  and  then  comparatively  feeble.  They  state  "  it  would  appear, 
therefore,  that  mixtures  containing  from  4  per  cent,  to  6  per  cent,  of 
marsh  gas  are  by  no  means  so  dangerous  as  is  generally  supposed."  §  || 

The  French  Fire-damp  Commission  say  that  "  with  6§  per  cent.,  a 
feeble  explosion  occurred  repeatedly."  % 

It  is  important  to  remember  that  "  fire-damp  "  so  called,  is  not  always 
composed  of  precisely  the  same  constituent  parts  ;  this  variation  of  coni- 

*  Causes  of  Death  in  Colliery  Explosions,  page  21. 

t  Colliery  Manager,  1897,  page  20. 

X  Final  Report  of  Commissioners  on  Accidents  in  Mines,  page  19. 

§  Trans.  Fed.  Inst.,  vol.  iii.,  page  1144. 

||  Ignition  by  electric  sparks  with  10  per  cent,  to  12  per  cent,  of  gas ;  by  heated 
wires,  10  per  cent.,  ibid.,  vol.  iii.,  page  1145.  Ignition  by  friction  of  hard  rocks  by 
breaks  in  the  roof.,  ibid.,  vol.  iv.,  page  679. 

•"fl  Report  of  French  Commission,  page  5. 
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position  will  account  for  the  fact  that  sometimes  it  is  more  readily 
ignited  in  a  safety-lamp  than  at  other  times.* 

Prof.  Dixon's  excellent  paper  throws  much  light  upon  this  subject.t 

(III.)  Coal-dust. 

The  presence  of  very  fine  coal-dust  in  the  air  appears  to  completely 
alter  the  state  of  things.     But  here  again  opinions  differ. 

According  to  the  English  Commission  J  explosions  were  produced  by 
dust  suspended  in  air  travelling  at  a  velocity  of  600  feet  per  minute, 
when  fire-damp  was  present  in  proportions  ranging  from  2  to  2*75  per 
cent.;  in  currents  of  low  velocity  the  same  result  was  produced  with  a 
sensitive  dust  in  the  presence  of  1*5  per  cent. 

According  to  the  French  Commission, §  with  mixtures  of  air,  coal- 
dust,  and  fire-damp,  nothing  occurred  when  the  mixture  only  contained 
4  per  cent,  of  fire-damp  ;  when  this  proportion  was  exceeded,  an  unsteady 
flame  existed  for  some  seconds,  very  feeble,  bluish  or  yellowish.  With 
6f  per  cent,  a  feeble  explosion  occurred  repeatedly. 

According  to  the  Prussian  Commission,!  in  ordinary  atmospheric  air 
all  varieties  of  coal-dust  are  found  harmless  in  the  presence  of  naked 
lights.  Even  when  this  air  contains  as  much  as  4  per  cent  of  methane, 
this  harmless  character  is  maintained.  If  the  air  contains  4*5  per  cent. 
or  more,  certain  varieties  of  coal-dust  will  induce  an  explosion  in  the 
presence  of  naked  lights.  At  a  proportion  of  only  5  per  cent,  of  methane 
this  explosion  is  incomparably  more  violent  than  is  the  case  without  coal- 
dust  of  6  per  cent,  of  methane. 

According  to  Mr.  "W.  Galloway,  under  suitable  conditions  a  mixture 
of  air  with  fine  coal-dust  and  containing  only  1  per  cent,  of  fire-damp 
can  be  fired  and  give  rise  to  an  explosion. 

Dr.  J.  S.  Haldane  says  : — 

It  is  well  known  that  coal-dust  has  a  marked  power  of  absorbing  gases,  so  that 
any  gas  or  vapour  found  in  small  proportions  may  easily  be  taken  up  by  the 
suspended  dust.^J" 

It  seems  not  unlikely  .  .  .  that  such  measures  as  the  removal  of  excess  of  dust 
and  the  moderate  or  partial  watering  so  elaborately  carried  out  in  many  mines  may 
increase  rather  than  diminish  the  chances  of  a  dust  explosion.  ** 

*  "Mining  Explosives,"  by  Mr.  Vivian  B.  Lewes,  Trans.  Fed.  Inst.,  vol.  ix., 
page  324. 

t  "Rate  of  Explosion  in  Gases,"  by  Prof.  H.  B.  Dixon,  Trans.  Fed.  Inst., 
vol.  viii.,  page  314. 

X  Op.  cit.,  page  35.         §  Op.  cit.,  page  5. 

||  Trans.  Fed.  Inst.,  vol.  iii.,  page  1140,  etc. 

%  Causes  of  Death  in  Colliery  Explosions,  i^age  26.         **  Ibid.,  page  25. 
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Probably  the  most  dangerous  coal-dust  is  that  obtained  from  the 
Bcreens,  and  the  writer  is  of  opinion  that  much  can  be  done  to  prevent 
this  dust  from  going  down  the  downcast  shaft  by  watering  the  pit-hills, 
and  by  "  sprayers  "  playing  upon  the  coal  as  it  comes  from  the  "  tipplers," 
and  also  by  the  use  of  sprayers  in  the  shaft  itself,  by  which  the  dust  would 
be  saturated  with  moisture,  and  would  get  no  farther  than  the  sump- 
boards,  etc.,  in  the  pit-bottom,  instead  of  being  carried  in-bye,  as  is  the 
case  at  many  collieries. 

It  seems  improbable  that  a  mixture  of  coal-dust  and  4  per  cent,  of 
lire-damp  is  dangerous  if  the  air  be  comparatively  still,  like  it  is  in  an 
ordinary  working-place,  but  if  vibration  be  set  up  (by  a  blown-out  shot 
for  instance)  then  the  circumstances  are  altered.*  The  flame  from  a 
blown-out  shot  would  heat  the  coal-dust,  which  would  give  off  its  gas  by 
distillation,  and  would  become  inflamed ;  this  in  turn  would  heat  more 
dust,  when  the  same  thing  would  occur,  and  so  an  explosion  would  be 
brought  about  without  any  gas  at  all,  except  that  given  off  by  distillation. 
It  requires  much  less  heat  to  explode  the  gas  which  is  given  off  by  dis- 
tilled coal  than  to  explode  fire-damp. 

(IV.)  Safety-lamps. 

Ordinary  safety-lamps  will  not  indicate  the  presence  of  fire-damp 
unless  it  amounts  to  2\  or  3  per  cent,  of  the  mixture,  but  this  depends 
to  a  very  great  extent  upon  the  lamp  and  the  illuminant  used.  With  an 
oil  flame,  gas  can  only  be  detected  when  the  proportion  is  about  3  per 
cent. ;  but  with  a  benzoline  flame,  the  caps  will  indicate  percentages  as 
low  as  1*5  per  cent. 

The  English  Commission,  already  referred  to,  recommend  the  bonneted 
class  of  safety-lamp.  They  recommend  that  all  safety-lamps  should  be 
provided  with  a  shut-off  appliance  for  the  extinction  of  the  flame  pro- 
duced by  both  the  illuminants  and  by  ignited  gas  within  the  lamp  ;  also 
that  in  the  case  of  bonneted  lamps  there  should  be  two  vertical  slits  at 
opposite  sides  to  enable  the  miner  to  see  that  the  gauze  was  in  the  lamp. 

The  lamp  fixings  should  also  be  so  arranged  that  it  is  impossible  to 
put  a  lamp  together  unless  every  part  is  in  its  proper  place. 

Speaking  of  lamps,  too,  it  would  be  out  of  place  if  the  writer  did  not 
refer  to  the  excellent  work  done  by  the  Institute,  under  the  superintend- 
ence of  Mr.  C.  E.  Rhodes,  in  their  most  elaborate  experiments  with 
safety-lamps  in  1883  and  1884.     That  committee  especially  pointed  out 

*  "  Mining  Explosives,"  by  Mr.  Vivian  B.  Lewes,  Trans.  Fed.  Inst.,  vol.  ix., 
page  320. 
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the  value  of  the  bonnet  over  an  exposed  gauze,  and  that  all  safety-lamps 
fed  with  air  from  above  the  flame  and  provided  with  this  protection  are 
safer  than  any  other. 

Having  got  a  lamp  of  the  approved  type,  such  lamp  should  be  tested 
with  varying  mixtures  of  gas  and  air,  in  order  to  see  what  height  of  cap, 
on  a  given  sized  flame,  would  be  produced  with  the  illuminant  in  use  at 
the  colliery.  In  this  case  a  deputy  could  report  the  amount  of  gas, 
according  to  a  scale,  which  could  be  fitted  to  the  lamp,  in  the  same  way 
as  he  reports  the  water-gauge. 

The  Pieler  gas-testing  lamp  will  indicate  £  per  cent,  of  fire-damp, 
and  fires  with  lj  per  cent.*  Prof.  F.  Clowes'  hydrogen  lamp  will  also 
indicate  J  per  cent. 

Mr.  J.  L.  Hedley  thinks  that  there  should  be  some  governing 
regulations,  even  if  these  delicate  instruments  were  used,  fixing  the 
percentages  of  gas  beyond  which  the  miner  should  not  be  allowed  to 

work.f 

The  protector  Mueseler  lamp,  with  gas-oil,  when  tested  with  Prof.  F. 

Clowes'  hydrogen  lamp  showed  1^  per  cent,  of  gas,  with  a  cap  \  inch 
high  on  £  inch  blaze,  whilst  a  Davy  safety-lamp,  according  to  Mr.  W. 
Galloway's  experiments,  only  showed  £  inch  cap  for  2^  per  cent,  of  gas. 

Probably  the  percentages  of  gas  for  given  sized  caps  in  the  protector 
Mueseler  lamp,  with  gas-oil,  on  \  inch  blaze  or  flame  would  be  as 
follows  : — 

Inches. 
For  H  per  cent,  of  gas,  a  cap  of        ...         ...         ...     0*250 

„    2i  „  „  0-375 

„    3  „  „  0-562 

»    4  „  „  1-187 

The  temperature  of  the  air,  at  the  place  where  the  test  is  being  made, 
is  important,  because  the  inflammability  of  combustible  gases  decreases 
with  diminishing  temperature.  Further,  it  is  possible  that  the  retarda- 
tion in  the  ignition  of  fire-damp  may  diminish  with  the  increase  in  the 
quantity  of  aqueous  vapour  contained  in  the  air.J 

Every  lamp  should  be  tested  regularly  in  an  explosive  gas  mixture 
before  it  is  given  out  to  the  workmen. 

(Y.)  Summaries  of  the  Reports  of  Royal  Commissions. 

Austrian  Report^ — The  velocity  of  air  in  the  shaft  should  not  exceed 
20  feet  a  second,  or  33  feet  per  second  if  the  shaft  be  used  for  ventilation 

*  Trans.  Fed.  Inst.,  vol.  x.,  page  556.  i  Ibid.,  vol.  viii.,  page  169. 

J  Report  of  French  Commission,  page  32. 
§  Trans.  Fed.  Inst.,  vol.  iii.,  page  542. 
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only.  The  return  air  should  be  calculated  to  exceed  the  intake  in  volume 
by  15  per  cent. 

Tli'  mal  area  of  the  roads  should   be  such  that  the  requited 

amount  of  ventilation  can  be  conveyed  at  a  velocity  not  exceeding  20 
feet  per  second ;  the  space  occupied  by  corves,  etc.,  should  be  allowed  for 
in  this  calculation. 

The  ventilation  should  be  such  that  the  return  air  does  not  contain 
more  than  H  per  cent,  of  fire-damp,  and  £  per  cent,  of  carbon  dioxide, 

iltogether  2  per  cent.  For  this  purpose  the  quantity  of  air  required 
is  as  follows  : — Class  I. — Mines  producing  little  fire-damp  (less  than 
1  per  cent,  of  GH4  +  C02  in  the  return  air),  at  least  70  cubic  feet  of  air 
per  man  per  minute,  calculated  on  the  largest  shift,  and  counting  a  horse 
equal  to  four  men.  Class  II. — Mines  producing  a  moderate  amount  of 
fire-damp  (1  to  2  per  cent,  of  CH4  +  C02  in  the  return  air),  at  least 
105  cubic  feet  per  man  per  minute.  Class  III. — Mines  producing  much 
fire-damp  (more  than  2  per  cent,  of  CH4  +  C02  in  the  return  air),  at 
least  140  cubic  feet  per  man  per  minute. 

Not  more  than  100  workmen  should  be  employed  on  one  split  of  air. 

In  collieries,  where  there  are  large  areas  of  old  workings  (goafs),  the 
proportion  of  fire-damp  faithfully  followed  the  barometrical  curve,  but 
in  existing  workings  it  made  no  difference. 

Prussian  Report* — The  velocity  of  the  air  in  the  downcast  shaft 
shall  not  exceed  800  feet  per  minute,  and  in  the  upcast  shaft  shall  not 
exceed  1,200  feet  per  minute. 

The  velocity  of  the  air  in  the  main  intake  airways  shall  not  exceed 
787  feet  per  minute,  and  in  the  main  return  airways,  1,181  feet  per 
minute.  High  velocities  are  condemned,  and  airways  should  be  enlarged 
to  allow  of  a  low  velocity.  Main  airways  should  not  be  less  than  32*29 
square  feet  in  area  ;  branch  airways,  21*52  square  feet,  and  slits,  etc., 
10*76  square  feet. 

The  volume  of  fresh  air  must  amount  to  at  least  70- 62  cubic  feet  per 
head  per  minute,  on  the  maximum  number  of  workmen  employed  under- 
ground in  the  course  of  one  shift.  A  horse  is  reckoned  as  the  equivalent 
of  four  men.  Further,  the  volume  of  fresh  air  per  minute  which  should 
be  supplied  in  a  fiery  mine  must  in  each  independent  ventilating  district 
amount  to  52*95  cubic  feet  per  ton  of  average  daily  output,  and  the 
gaseous  content  of  the  return  air-current  must  be  reduced  to  1*5  per 
cent. 

*  Trans.  Fed.  Inst.,  vol.  iii.,  page  1105  •  vol.  iv.,  page  631  ;  and  vol.  v.,  page  500. 
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Some  experiments  were  made  in  pillar  workings  to  ascertain  the 
amount  of  gas  given  off  in  working  the  coal,  with  the  following  result : — 
In  the  first,  or  whole  working,  the  amount  was  812  cubic  feet  of  gas  per 
ton  of  coal,  and  33  cubic  feet  per  square  foot  of  surface  exposed ;  in  the 
passage  from  whole  work  to  pillar  work,  1,221  cubic  feet  of  gas  per  ton  of 
coal  and  16  cubic  feet  per  square  foot  of  surface  exposed  ;  and  in  pillar 
working,  550  cubic  feet  per  ton  of  coal.  Investigations  have  shown, 
with  few  exceptions,  a  considerable  reduction  in  the  proportion  of  marsh 
gas  in  the  airways  on  Sundays  as  against  working  days — in  one  case 
2,446  cubic  feet  per  hour  on  a  Sunday,  against  4,157  cubic  feet  on  a 
Tuesday  with  727  men  at  work. 

English  Commission  on  Accidents  in  Mines. — No  fixed  quantity  of  air 
per  man,  or  per  ton,  is  recommended.  In  Appendix  XVIII.,  a  table  is 
given  of  the  velocity  of  the  air  in  coal-mines.  From  this  table  it  appears 
that  in  shafts  the  velocity  is  sometimes  as  much  as  6,032  feet  per  minute 
(upcast),  and  in  an  airway  3,825  feet  per  minute.  The  average  appears 
to  be  about  1,300  feet  per  minute  in  main  return  airways,  about  1,000 
feet  per  minute  in  main  intake  airways,  and  about  270  feet  per  minute  in 
the  working-places.  A  workman  does  not  like  to  work  in  a  draught,  and 
a  velocity  of  anything  over  2J  feet  per  second  will  cause  this.  Probably 
a  good  working  velocity  would  vary  from  120  to  180  feet  per  minute. 

Mine-law  of  Pennsylvania,  U.S.A. — Ample  means  of  ventilation  must 
be  provided,  affording  not  less  than  150  cubic  feet  per  minute  for  each 
and  every  person  employed.  Not  more  than  100  persons  shall  be  per- 
mitted to  work  in  the  same  air-current. 

New  South  Wales,  Coal  Mines  Act,  1896. — Not  less  than  100  cubic 
feet  of  fresh  air  per  minute  shall  be  provided  for  each  man,  boy,  and 
horse  employed  in  the  mine.  Not  more  than  70  persons  may  be  employed 
in  one  split  or  air-current. 

(VI.)  Explosives  used  in  Mines. 

The  gases  produced  by  the  detonation  of  7  ounces  of  gunpowder 
measure  1*92  cubic  feet,  and  have  the  following  composition*: — 

Per  Cent.  Cubic  Feet. 

Carbon  dioxide 49'9  ...  0'9.r)808 

Carbon  monoxide            14*1  ...  0-27072 

Nitrogen 33*3  ...  0-63936 

Sulphuretted  hydrogen 2-7  ...  0-05184 

*  Trans.  Fed.  Inst.,  vol.  ii.,  page  378. 
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To  become  harmless,  the  carbon  dioxide  must  be  reduced  to  1  per 
(vnt.,  the  carbon  monoxide  to  0*02  per  cent.,  the  nitrogen  increased 
to  77*95  per  cent.,  and  the  sulphuretted  hydrogen  reduced  to  0'02  per 
cent. 

Consequently  (2,572  cubic  feet  of  air  -"-  1*92  or)  1,339  times  the  volume 
of  the  gases  given  off  by  the  explosion  of  the  gunpowder  will  be  required. 
According  to  the  composition  given  by  Mr.  Orsman  at  a  recent  lecture, 
his  figures  being  somewhat  different  from  the  above,  1,347  times  the 
volume  of  the  gases  given  off  by  the  explosion  of  the  gunpowder  will  be 
required.  In  a  place,  where  a  shot  was  fired  with  188  cubic  feet  of 
air  passing  per  minute,  it  took  12  minutes  to  make  it  clear,  and  2,256 
cubic  feet  of  air  were  required  as  against  2,572  given  above. 

In  the  report  on  "  An  Investigation  as  to  whether  the  Fumes,"  etc.  * 
(from  which  the  composition  of  the  gases  given  off  by  powder  is  taken), 
it  is  stated,  if  7  ounces  of  powder  were  fired  in  540  cubic  feet  of  air 
the  proportion  of  carbon  monoxide  would  not  be  dangerous,  but  they 
give  0*05  of  carbon  monoxide,  and  according  to  Dr.  J.  S.  Haldane  this 
amount  is  not  safe.  It  is  further  stated,  "  if  an  interval  of  5  minutes 
be  allowed  to  elapse  after  the  firing  of  the  shot  before  the  hewer  com- 
mences to  work,  no  ill  effects  would  be  experienced  from  the  fumes." 
This  statement  shows  that  (540  cubic  feet  x  5  or)  2,700  cubic  feet  are 
required  to  purify  a  working-place  after  a  shot  is  fired. 

Of  course,  it  will  be  at  once  seen  that  if  a  place  has  a  large  quantity 
of  air  passing,  work  may  be  more  speedily  resumed  after  firing  the  shot, 
but  in  any  case,  after  the  shot  is  fired,  about  2,500  cubic  feet  of  fresh 
air  are  required  to  make  the  air  in  the  place  as  pure  as  the  air  was 
before  the  shot  was  fired,  and  this  air  sometimes  contains  0*11  per 
cent,  of  carbon  dioxide.  It  therefore  appears  that  at  least  500  cubic 
feet  of  air  per  minute  are  required  for  every  shot  fired  to  dilute  the 
gases  given  off  by  the  explosive,  depending  upon  the  purity  of  the  air 
in  the  first  instance. 

(VII.)  The  Method  of  Working  the  Coal. 

The  Prussian  Commission  state  that  pillar-and-stall  work  has  the 
advantage  that  in  the  process  of  fore-winning  a  comparatively  large 
surface  of  coal-seam  is  laid  bare,  and  thereby  an  even  continuous  evolu- 
tion of  gas  is  promoted,  so  that  the  subsequent  operations  of  coal- working- 
are,  as  a  rule,  but  little  impeded  by  the  presence  of  fire-damp.  On  the 
contrary,  in  longwall  working  a  full  evolution  of  gas  at  once  occurs 
from  the  freshly  broken  surfaces. 

*  Trans.  Fed.  Irid.,  vol.  ii.,  page  368. 
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The  Austrian  Commission  refer  to  the  danger  of  gas  coming  out  of 
the  goaf  by  reason  of  barometrical  depression,  which  should  be  guarded 
against.  All  unused  roads  communicating  with  the  goaf  should  be  closed 
on  the  intake  and  dip  side  by  good  stoppings  or  several  feet  of  stowing, 
but  on  the  return  and  rise  side  they  should  be  left  open  and  a  return  air- 
way kept  to  carry  off  the  gas.  In  longwall  working,  complete  stowage  of 
the  goaf  is  enjoined. 

In  a  case  known  to  the  writer,  it  was  found  necessary  to  drive  a  gas- 
level  to  drain  off  the  gas,  in  the  same  manner  as  a  water-level  drains  off 
water.  The  particular  district  was  exceedingly  gaseous,  numerous  out- 
bursts of  gas  had  occurred,  and  various  methods  were  adopted  to  cope 
with  it  :  in  driving  straight-work  the  gas  came  off  in  blowers,  which 
could  be  felt  by  the  hand  at  a  distance  of  some  30  inches  from  the 
face.  The  working-faces  had  to  be  stopped  at  intervals  for  days  in  order 
to  allow  the  gas  to  drain  off.  When  the  coal  was  being  worked  the  out- 
bursts still  went  on,  and  bore-holes  were  put  down  in  the  gate-roads, 
which  showed  signs  of  having  heaved  up  (owing  to  a  pressure  exerted 
from  beneath).  The  ventilation  had  therefore  to  be  specially  arranged 
to  prevent  the  gas  from  coming  into  contact  with  the  .workmen. 

The  total  quantity  of  gas  that  is  given  off  in  British  coal-mines 
seems  to  be  far  greater  than  is  the  case  on  the  Continent.  An  average  of 
several  French  collieries  gave,  in  upcast  air- currents,  181  cubic  feet  per 
minute,  or  358  cubic  feet  per  ton  of  coal  produced.* 

At  Tylorstown  colliery,  1*87  per  cent,  of  fire-damp  was  found  in  the 
upcast  shaft,  with  a  current  of  260,000  cubic  feet  per  minute ;  this 
works  out  to  4,862  cubic  feet  of  gas  per  minute. f 

Messrs.  J.  B.  and  W.  N.  AtkinsonJ  estimate  that  there  is  ^  per  cent, 
of  fire-damp  in  the  air  when  it  reaches  the  face ;  it  gathers  1  per  cent,  at 
the  face,  making  li  per  cent,  when  it  enters  the  return  airway ;  and  it 
gathers  4  per  cent,  in  the  return  airway,  making  altogether  2  per  cent. 
at  the  upcast  shaft. 

It  appears,  from  a  perusal  of  the  foreign  commissioners'  reports, 
that  far  more  care  is  taken  on  the  Continent  to  prevent  loss  of  air 
through  stoppings,  overcasts,  etc.,  than  is  the  case  in  this  country.  The 
writer  ventures  to  say  that  of  the  total  ventilating  current  in  many 
collieries,  particularly  the  older  ones,  as  much  as  10  per  cent,  is  lost  in 
the  main-roads,  engine-planes,  etc.,  through  defective  stoppings  (about 

*  Trana.  Fed.  lust.,  vol.  x.,  page  564. 
t  Dr.  Haklane's  Report,  page  27. 
J  Explosions  in  Coal  Mim  J,  page  10. 
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500  cubic  feet  per  minute  per  1,000  feet  of  airway)  ;  15  per  cent,  is  lost 
on  the  levels  and  branch-roads,  through  Btoppings,  doors,  and  overcasts; 
and  !•">  per  cent,  is  lost  between  the  levels  and  the  working-face,  or  lo 
per  cent,  in  all.  Consequently,  in  a  mine  with  a  total  intake  air-current 
of  150,000  cubic  feet  per  minute,  only  GO  per  cent,  of  this  quantity,  or 
90,000  cubic  feet  will  actually  pass  the  working-face.  Members  will 
find  it  interesting  to  test  these  figures  by  actual  measurements  in 
collieries  under  their  charge. 

The  writer  advises  that  more  care  should  be  taken  in  making  the 
stoppings  air-tight — in  the  first  instance,  the  slits  or  bolt-holes  should  be 
driven  as  small  in  every  way  as  possible,  and  the  pillars  between  the 
intake  and  return  airways  made  as  thick  as  possible,  a  good  wall  should 
be  built  and  well  plastered,  and  the  slit  stowed  tight  up.  In  the  proposed 
Coal  Mines  Act  of  1897  it  is  suggested  that  overcasts  should  be  made  in 
solid  rock.  More  care  should  also  be  taken  in  erecting  doors ;  walls 
should  be  built  at  each  side,  at  right  angles  to  the  door-frame,  so  as  to 
prevent  leakages  of  air  through  breaks  in  the  coal. 

In  order  to  ascertain  the  amount  of  gas  given  off  in  a  particular 
district,  the  ventilating  current  could  be  so  reduced  (when  the  pit  was 
idle)  as  to  just  show  a  given  cap  on  a  safety-lamp,  with  a  given  current : 
say  the  current  was  reduced  to  5,000  cubic  feet  per  minute,  and  the  lamp 
indicated  5  per  cent,  of  gas  ;  then  there  would  be  250  cubic  feet  of  gas 
per  minute  produced,  and  to  reduce  this  down  to  2  per  cent.,  at  which 
it  would  be  invisible  on  an  ordinary  safety-lamp,  would  require  (50  times 
250  cubic  feet  or)  12,500  cubic  feet  of  air  per  minute. 


VIII. —  General  Conclusions. 
The  volume  of  air  required  for  workmen,  etc.,  is  as  follows : — 


Cubic  Feet 

per  Minute 

Sach  person  requires  ordinarily  when  at  work 

L>0 

Do.     when  in  a  working-place  g 

iving  off  |  per  cent,  of  gas 

40 

Do.     with  f  per  cent,  of  gas,  to 

reduce  it  down  to  ^  per  cent 

55 

Do.        ,,     1         ,,                    ,, 

55                                             55 

80 

Do.      „    H     ,, 

5>                                             55 

107 

Do.        „     1|       ,, 

55                                             55 

115 

Do.       ,,     1|       ,, 

5  5                                             55 

160 

Do.  horse  requires  ... 

90 

Do.  safety  damp  requires 

... 

o; 

It  appears  that  the  terms  of  the  General  Eules,  Nos.  1,  7,  8,  and  9  as 
to  gas,  may  be  interpreted  as  follows  : — 

General  Rule  1. — With  safety-lamps. — "Dilute  and  render  harmless," 
etc. — 
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Percentage 
Fire-damp. 

English  Commission,  under  4 

Prussian  ,,  ,, 4  to  6 

French  ,,  ,, 4  to  6 

Prof.  F.  Clowes  „ 5 

General  Rule  2. — With  safety -lamps. — "  So  diluted  as  not  to  be  in- 
flammable."    (See  General  Rule  1.) 

General  Rule  7. — With  safety-lamps. — "  Inflammable  gas  .... 
dangerous  "  :  — 

Percentage  of 
Fire-damp. 

English  Commission         ...         ...         ...         4£ 

French  ,,  safe  with 4 

Prussian  ,,  ,,  4 

General  Rule  9. — "  Safety-lamps — air-current,  even  if  such  current  be 
inflammable."     (See  General  Rule  1.) 

General  Rule  8. — With  naked  lights. — "  Such  quantity  of  inflammable 
sras  as  to  render  the  use  of  naked  lights  dangerous  "  in  presence  of  coal- 
dust  :  — 

Percentage  of 
Fire-damp. 

English  Commission         2§  to  1^ 

Prussian         ,,  ..  ...         4 

French  ,,  4 

It  seems  desirable  that  not  more  than  70  to  100  men  and  boys  should 
be  employed  in  one  split  or  air-current. 

(IX.)  Reports  and  Papers  referred  to. 

Report  of  the  (English)  Commissioners  on  Accidents  in  Mines,  1886. 

The  Reports  of  the  Austrian,*  Prussian,!  and  French  J  Fire-damp 
Commissions. 

Explosions  in  Coal  Mines,  by  Messrs.  J.  B.  and  W.  N.  Atkinson. 

Report  on  the  Causes  of  Death  in  Colliery  Explosions,  etc.,  by  Dr. 
John  Haldane. 

"  An  Investigation  as  to  whether  the  Fumes  produced  from  the  Use 
of  Roburite  and  Tonite  in  Coal-mines  are  Injurious  to  Health,"  Trans. 
Fed.  Inst.,  vol.  ii.,  page  368. 

*"The  Report  of  the  Austrian  Fire-damp  Commission,"  by  Mr.  W.  N. 
Atkinson,  Tran-i.  Fed.  Inst.,  vol.  iii.,  page  531. 

+  "  Report  of  the  Prussian  Fire-damp  Commission,"  translated  by  Messrs. 
1'.  P.  Bedson  and  L.  L.  Belinfante,  Trans.  Fed.  Inst.,  vol.  iii.,  page  1105  ;  vol.  iv., 
page  631  ;  and  vol.  v.,  page  500. 

%  Report  of  the  French  Commission  on  the  Use  of  Explosives  in  the  Presence  oj 
Fire-damp,  translated  by  Messrs.  W.  J.  Bird  and  M.  Walton  Brown. 
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"The  Rate  of  Explosions  in  Gases,"  by  Prof.  H.  B.  Dixon,  Trans. 
FuL  Inst.,  vol.  iii.,  page  312. 

"  Mining  Explosives,"  by  Prof.  Vivian  B.  Lewes,  Trans.  Fed.  Inst., 
vol.  ix.,  page  320. 

"The  Limiting  Explosive  Mixtures  of  Various  Combustible  Gases 
with  Air,"  by  Prof.  F.  Clowes,  Trans.  Fed.  Inst.,  vol.  ix.,  page  373. 

"  Change  of  Composition  produced  in  Air  by  Flames  and  by  Respira- 
tion," by  Prof.  F.  Clowes,  Trans.  Fed.  Inst.,  vol.  ix.,  page  376. 

"  Investigations  on  the  Composition,  Occurrence,  and  Properties  of 
Black-damp,"  by  Dr.  Haldane  and  Mr.  W.  N.  Atkinson,  Trans.  Fed. 
Inst.,  vol.  viii.,  page  549. 

Detection  and  Estimation  of  Inflammable  Gas  and  Vapour  in  the  Air, 
by  Prof.  F.  Clowes. 

The  writer  ventures  to  hope  that  he  will  have  done  some  good  to  the 
members  of  the  Institute  by  drawing  attention  to  the  subjects  dealt  with, 
but  more  especially  if  it  only  induces  them  to  carefully  study  the  reports 
and  papers  referred  to.  He  wishes  to  acknowledge  the  valuable  assist- 
ance rendered  to  him  in  the  preparation  of  this  paper  by  Mr.  A.  A. 
Atkinson. 


The  President  moved  a  vote  of  thanks  to  Mr.  Thirkell  for  his  paper, 
Mr.  A.  M.  Chambers  seconded  the  motion,  which  was  agreed  to. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


ANNUAL  GENERAL  MEETING, 
Held  at  the  Harvey  Institute,  Barnsley,  July  28th,  1897. 


Mr.  G.  BLAKE  WALKER,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


Messrs.  Thos.  Barron  and  Hy.  Nuttall  were  appointed  scrutineers 
of  the  ballot-papers  for  the  election  of  officers  and  of  the  ballot-papers 
for  representatives  on  the  council  of  The  Federated  Institution  of  Mining 


Engineers  for  1897-98. 


The    following    gentlemen    were   elected,   having   been    previously 

nominated  : — 

Members — 
Mr.  C.  C.  Ellison,  Mining  Engineer,  Monckton  Main  Colliery,  Barnsley. 
Mr.  Claude  William  Hill,  Civil  Engineer,  8,  Guy's  Cliffe,  Bradford. 
Mr.  Is* AC  Hodges,    Mining   Engineer   and   Colliery   Manager,    Whitwood 

Collieries,  Normanton. 
Mr.  I.  W.  H.  White,  Mining  Engineer,  Albion  Place,  Leeds. 

Associate — 
Mr.  Henry  Joyner,  Colliery  Contractor,  Stairfoot,  Barnsley. 


The  Annual  Report  of  the  Council  and  the  statement  of  accounts  for 
the  past  year  were  read  as  follows  : — 
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THE  COUNCIL'S  ANNUAL  REPORT. 

The  Council  have  pleasure  in  presenting  to  the  members  of  the  Insti- 
tute their  report  on  the  work  of  the  past  year. 

The  number  of  members  for  the  past  two  years  is  as  follows  : — 


Life  Members 

1895-96. 
4 

1896-C 
4 

Honorary  Members . . . 
Members 

11 
223 

11 
221 

Associate  Members 

10 

9 

Associates     ... 

11 

19 

Students 

9 

16 

268  280 


Showing  a  net  increase  of  12  over  last  year. 

Of  the  £15  of  arrears  of  subscriptions  for  1895-96  and  estimated  by 
the  auditors  to  be  recoverable,  £10  10s.  have  been  collected  during  the 
past  year,  leaving  £4  10s.,  which  is  now  considered  irrecoverable.  The 
arrears  on  June  30th,  1897,  amounted  to  £22  10s.,  but  as  the  names  of 
these  members  have  not  been  returned  to  the  secretary  of  The  Federated 
Institution  of  Mining  Engineers,  the  arrears  are  practically  nil. 

The  balance  at  the  bank  appears  somewhat  smaller  than  last  year, 
owing  to  the  rather  heavy  expenses  entailed  by  the  meetings  in  connexion 
with  The  Federated  Institution  of  Mining  Engineers,  which  are  in 
addition  to  the  usual  number  held,  and  if  allowance  be  made  for  these 
meetings  the  bank  balance  would  be  £63  13s.  3d.,  as  against  £50  12s.  4d. 
last  year. 

The  attention  of  members  is  called  to  the  extra  cost  also  entailed  on 
the  Institute  by  the  non-payment  of  subscriptions  in  due  time.  Forms 
for  authorizing  the  respective  bankers  to  pay  the  subscriptions,  can  be 
obtained  from  the  secretary. 

The  following  papers  have  been  read  during  the  past  year  : — 

"  Recovery  of  Cyanogen  and  other  Residual  Products  from  the  Waste  Gases 

of  Coke-ovens."    By  Mr.  Harold  Bonser. 
"  Electric  Coal-cutting  on  Longwall  faces."     By  Mr.  T.  B.  A.  Clarke. 
"  Geology  of  Deepcar  and  its  surrounding  Hills."     By  Mr.  F.  Coultas. 
"The  Eastern  Extension  of  the  Midland  Coal-field,  and  the  Exploration  at 

Southcar."     By  Mr.  Geo.  Dunston. 
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"  The  Use  of  Electricity  at   Ackton  Hall  Colliery."    By  Messrs.  H.   St. 

John  Durnford  and  Roslyn  Holiday. 
"  The  Causes  of  Death  in  Colliery  Explosions."     By  Dr.  John  S.  Haldane. 
"  Adequate  Ventilation  and  Noxious  Gases."     By  Mr.  E.  W.  Thirkell. 
Presidential  Address  on  "  The  Education  of  Mining  Engineers."     By  Mr. 

Geo.  Blake  Walker. 

The  February  meeting  of  The  Federated  Institution  of  Mining  En- 
gineers was  held  in  Manchester,  arrangements  for  which  were  made  by 
this  Institute,  and  the  following  papers  were  contributed  : — 

' '  Descriptions  of  Various  Types  of  Ropeways  and  Remarks  as  to  their  Proper 
Selection."     By  Mr.  W.  Carrington. 

"  The  Detection  and  Estimation  of  Carbon  Monoxide  in  the  Air  by  the  Flame 
Cap  Test."     By  Professor  Frank  Clowes. 

"  Determination  of  Fire-damp  in  French  Collieries."     By  Mr.  J.  Coquillion. 

"  Railways  and  their  Relation  to  the  Coal  Trade."  By  Mr.  Clement 
Edwards. 

' '  Appliances  for  Winding  Water. "     By  Mr.  W.  Galloway. 

"  The  Cost  and  Efficiency  of  Safety-explosives  as  compared  with  Gun- 
powder."   By  Mr.  H.  Hall. 

Excursions  were  also  made  to  the  Manchester  Courier  and  Evening 
Mail  offices  ;  Lancashire  and  Yorkshire  Railway  Company's  Engineering 
Works,  Horwich  ;  Messrs.  W.  H.  Bailey  &  Co.,  Limited,  Albion  Works, 
Salford  ;  Messrs.  Ashton  Brothers  &  Co.,  Limited,  Carrfield  Spinning 
and  Weaving  Mills,  Hyde  ;  Hyde  Lane  Colliery  Company,  Limited, 
Hyde  Colliery,  Manchester  ;  and  the  Manchester  Corporation's  Hydraulic 
Power  Station. 

During  the  year  a  joint  meeting  has  been  held  with  the  Chesterfield 
and  Midland  Counties  Institution  of  Engineers,  at  which  there  was  a 
large  attendance  of  members,  and  the  following  papers  were  read  and 
discussed  : — 

"  The  Enlargement  of  a  Shaft  at  Lidgett  Colliery  without  Interruption  of 

Coal-winding."     By  Mr.  H.  E.  Maltby. 
"  Electric  Haulage  at  Pleasley  Colliery."     By  Mr.  Jonathan  Piggford. 
"  Recent  Progress  in  the  Recovery  of  Bye-products  from  Coke-ovens."     By 

Messrs.  George  Elake  Walker  and  L.  T.  O'Shea. 

A  Joint  Committee  with  the  Chesterfield  and  Midland  Counties  Insti- 
tution has  been  formed  to  consider  the  order  of  the  Home  Secretary  with 
respect  to  explosives  to  be  used  in  mines,  and  more  especially  to  consider 
the  method  of  testing  the  explosives  to  be  used  to  comply  with  the  Act 
and  the  kind  of  apparatus  to  be  erected  and  its  position.  This  Committee 
has  also  presented  its  report  on  the  apparatus  suggested  by  the  Home 
Office  to  be  erected  at  Woolwich. 
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Your  Council  have  taken  considerable  trouble  with  respect  to  the 
Mining  School  at  Barnsley,  and  the  President  (Mr.  George  Blake  Walker) 
and  Dr.  Hicks  (Principal  of  Firth  College,  Sheffield)  are  members  of  the 
committee  which  is  now  making  arrangements  for  the  continuance  of 
these  classes  on  systematic  instruction  in  mining". 

The  report  of  the  Mechanical  Ventilators  Committee  has  now  been 
completed,  but  the  style  in  which  it  shall  be  issued  has  not  yet  been 
decided  upon,  owing  to  one  institute  which  subscribed  to  the  original 
Committee  not  being  one  of  the  Federated  Institutes,  and  being  unwilling 
to  adopt  the  proposed  form  of  issue. 

Your  Council  would  remind  the  members  that  it  is  only  by  united 
efforts  that  the  Institute  can  be  carried  on  successfully,  and  it  behoves 
each  member  to  try  and  contribute  papers,  however  short,  on  any  special 
feature  of  mining  which  may  come  under  his  notice. 

The  Council  regret  that  so  few  students  avail  themselves  of  the 
privileges  of  membership  of  the  Institute,  feeling  sure  that  they  could  not 
fail  to  appreciate  the  value  of  the  Transactions.  Members  who  have 
students  under  them  would  be  conferring  a  great  benefit  and  enlarge  the 
scope  of  the  Institute  by  endeavouring  to  induce  such  students  to  join 
the  Institute,  and  the  Council  propose,  at  the  next  Annual  Meeting,  to 
suggest  a  reduction  in  the  subscription  of  Students  to  £1  Is.  Od.  per 
annum,  the  limit  of  age  to  be  23  years. 


1  I 


ACCOUNTS. 


Dr. 


The  Treasurer  (Mr.  T.  W.  H.  Mitchell)  in  Account 

Mechanical 


&    s.    d. 


59  12     4 


July  1st,  1896.  £    s.     d. 

To  Balance  at  Bankers  50  12    4 

„  Cash  in  Treasurer's  hands 90    0 

June  30th,  1897. 

To  Subscriptions  for  1896-97  . 384    0  0 

„             „             paid  in  advance  for  1897-98         4  10  0 

„  Arrears          10  10  0 

,,  Sale  of  Dinner  Tickets        13     9     6 

„  Members'  portion  of  the  Wine  Account  at  the  Annual 

Dinner 3    0    0 

,,  The    Federated    Institution    of    Mining    Engineers — 

Manchester  Meeting — Sale  of  Dinner  Tickets        ...       17  15    0 
„  Members' portion  of  the  Wine  Account 6     9  11 

„  The    Federated    Institution    of    Mining    Engineers — 

Students'  Meeting — Sale  of  Dinner  Tickets 
„  Sales  of  Transactions  and  Authors'  Copies  of  Papers  ... 
,,  Letting  of  Room 
,,  Bank  Interest 

„  Chesterfield    and    Midland    Counties    Institution    of 
Engineers — Moiety  of  Expenses  of  Joint  Meeting 


399     0    0 


16     9     6 


24     4  11 

1  11  6 
5  6  0 
0  12  6 
3  17  5 

2  14  5 


Audited  and  found  correct, 

E.  W.  THIRKELL. 


Auditor. 


August  16th,  1897. 


£513     8     7 


ACCOUNT-. 

with  the  Midland  Institute  op  Mining,  Civil,  and  Cr. 

Kn<;  inkers,  1896-97. 


June  30th.  1897.  £  s.  d.          £     s.  d. 
By  The  Federated  Institution  of  Mining  Engineers: — 
Call    of    17s.    per    Member   on    265    Members    for 

1896-D7              225  5  0 

..  Balance  of  Call  for  1895-96      0  17  0 

,,  Excerpt  Transactions,  etc.       ...         ...         ...        ...  13  3  5 

„  Reducing  Plates              0  10  0 

„  Proportion   of     cost   of     Exchanging    Transactions 

with  other  Societies  ...         ...         ...         ...         ...  0  3  4 


„  Joiner-work         ...         

,,  Preparation  of  Catalogue  

„  North  of    England    Institute   of    Mining    and    Mechanical    En- 
gineers— Proportion  of  Fan  Committee's  Expenses         

„  Stamps,  Telegrams,  Carriage,  Wrappers,  and  Sundries 

„  Balance  at  Bankers         £40  15     8 

„  Cash  in  Treasurer's  hands         4     4     0 


239  18     9 


.,  Expenses  in  connexion    with  the   Manchester    Meeting   of    The 

Federated  Institution  of  Mining  Engineers       ...         ...         ...         43     8     7 

,,  Expenses  in  connexion  with  the  Students'  Meeting  of  The 
Federated  Institution  of  Mining  Engineers 

„  Annual  Dinner    ... 

,,  Printing  and  Stationery 

,,  Office  Rent  ...         ...         

„  Reporter    ...         

,,  Insurance...         ...         ...         

,,  Cleaning 

,,  Gas  Company       

,,  Hire   of    Rooms   for    Meetings   at    Leeds,    Sheffield,    Wakefield, 

and  Barnsley ...         ...  3  15     0 

„  Secretary's  Salary  £50     0     0 

„  „  Expenses        ,..         11  1]     7 


5  5 

6 

21  11 

6 

18  18 

3 

12  0 

0 

13  10 

0 

1  11 

6 

0  13 

0 

0  5 

7 

61 

11 

7 

1 

15 

8 

10 

0 

0 

16 

0 

4 

18 

3 

8 

44  19     8 


£513     8     7 
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The  President,  in  moving  the  adoption  of  the  report  and  Btatement 

of  accounts,  said  that  it  was  desirable  that  mining-  students  should  he 
interested  in,  and  have  the  opportunity  of  availing  themselves  of  the 
advantages  of  the  Institute. 

Mr.  John  Nevin  seconded  the  motion,  which  was  carried. 


ALTERATION  OF  RULES. 

The  President  gave  notice  that,  at  the  next  Annual  Meeting,  he 
would  move  "that  the  Students'  fee  be  £1  Is.  in  future,  instead  of  £1  10s.- 
as  now ;  and  that  the  age  limit  for  Students  be  the  same  as  in  the  North 
of  England  Institute  of  Mining  and  Mechanical  Engineers,  viz.,  23  years." 


ELECTION  OF  OFFICERS  FOR  1897-98. 
The  scrutineers  reported  the  results  of  the  elections  as  follows  : — 

President  : 
Mr.  George  Blake  Walker. 

Vice-Presidents  : 
Mr.  E.  W.  Thirkell.      |     Mr.  F.  N.  Wardell.    |  Mr.  J.  R.  Robinson  Wilson. 

Council  : 


Mr.  J.  E.  Chambers. 
Mr.  H.  St.  John  Durnford. 
Mr.  Jno.  Longbotham. 
Mr.  M.  Hall. 


Mr.  J.  L.  Marshall. 
Mr.  J.  Mellors. 
Mr.  H.  B.  Nash. 
Mr.  R.  Turnbull. 


Secretary  and  Treasurer 
Mr.  T.  W.  H.  Mitchell. 


REPRESENTATIVES  ON  THE  COUNCIL  OF  THE  FEDERATED 
INSTITUTION  OF  MINING  ENGINEERS,  1897-98. 


Mr.  A.  M.  Chambers. 
Mr.  W.  E.  Garforth. 
Mr.  J.  Longbotham. 
Mr.  H.  B.  Nash. 
Mr.  Jno.  Nevin. 


Mr.  C.  E.  Rhodes. 
Mr.  E.  W.  Thirkell. 
Mr.  G.  B.  Walker. 

Mr.  F.  N.  Wardell. 


The  following  paper  on  the  "  Transvaal  Coal-fields,"  by  Mr.  Rowland 
Gascoyne,  was  read :  — 
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TRANSVAAL  COAL-FIELDS. 


By  ROWLAND  GASCOYNE. 


Introduction. 

So  much  has  been  written  and  said  lately  about  the  Transvaal  that 
the  writer  hopes  by  bringing  to  the  attention  of  the  members  a  few  notes 
on  the  principal  coal-fields  of  the  South  African  Republic  some  interest 
will  be  aroused  in  the  development  of  such  an  interesting  country, 
especially  as  the  conditions  under  which  the  work  is  carried  on  are  so 
different  to  those  prevailing  at  home. 

The  Transvaal  or  South  African  Republic  lies  between  latitude  22° 
and  28°  south.  The  scenery  in  the  coal-bearing  districts  cannot  be  said 
to  be  of  an  attractive  character,  but  it  will  be  gathered  from  what  is 
hereafter  said  that  the  country  offers  every  inducement  to  Europeans  to 
settle  therein. 

Physical  Features. — What  strikes  a  stranger  on  visiting  the  Transvaal 
is  the  monotonous,  undulating  character  of  the  country,  its  total  absence 
of  trees,  especially  amongst  the  southern  and  principal  coal-fields,  which 
to  a  geologist  appear  to  have  been  deposited  originally  in  valleys  existing 
amongst  older  rocks,  so  that  their  occurrence  has  tended  towards  levelling 
up  as  it  were  the  surface  appearance  of  the  country,  and  thus  intensified 
the  monotony  of  the  scenery.  These  plains,  however,  lie  something  like 
6,000  feet  above  the  level  of  the  sea,  and  in  the  summer  time  (November 
to  March)  are  covered  with  vegetation,  wide  but  shallow  streams  being 
frequently  met  with,  whilst  large  sheets  of  water  sometimes  several  miles 
in  circumference  are  to  be  seen  in  the  larger  depressions  which  appear  to 
have  been  formed  along  Hnes  of  disturbance.  The  present  form  of  these 
small  valleys  is  therefore  due  to  the  denudation  which  of  course  would  be 
more  easily  formed  along  the  lines  of  these  disturbances.  On  the  older 
rocks  these  depressions  or  "pans"  are  generally  more  circular  in  shape,  and 
are  said  generally  to  denote  troubled  ground.  In  the  winter  when  there 
is  no  rainfall  the  pans  become  dry,  the  streams  more  or  less  disappear, 
and  the  surface  of  the  ground  presents  generally  a  parched  appearance, 
and  what  was  in  summer  a  mass  of  green  country  interspersed  with 
flowers  now  becomes  nothing  but  a  mass  of  dry  and  withered  grass. 
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Climate. — Owing  to  the  fact  that  the  country  lies  some  6,000  feet 
above  sea-level,  notwithstanding  its  latitude,  the  Transvaal  possesses  a 
beautiful  climate.  In  summer  there  are  frequent  thunderstorms,  but 
the  rain  clouds  act  as  a  shield  to  the  rays  of  the  sun,  whilst  in  winter 
there  is  a  cloudless  blue  sky  without  rain,  and  the  nights  are  only 
sufficiently  cool  to  be  pleasant. 

Geology. — With  regard  to  the  actual  geological  age  of  the  coal -bearing 
beds  of  the  Transvaal,  there  appears  to  be  considerable  diversity  of 
opinion,  and  the  attempts  hitherto  made  to  fix  their  position  in  the 
European  geological  formations  have  not  been  attended  with  any  marked 
success.  In  fact,  there  is  a  difference  of  opinion  in  this  respect  with 
regard  to  the  geological  structure  of  the  Transvaal  generally.  But  as 
the  country  becomes  developed,  increased  light  is  being  thrown  on  to  the 
geological  age  and  sequence  of  the  different  beds  and  formations,  especially 
by  the  discovery  of  characteristic  fossils,  which  are,  unfortunately,  very 
rare  in  the  Transvaal. 

The  coal-bearing  beds  of  the  Transvaal  consist  of  coarse,  siliceous 
sandstones,  with  beds  of  shale  and  local  beds  of  coal.  These  coal-bearino- 
beds,  as  a  rule,  have  only  a  slight  dip,  and  in  many  cases  are  practically 
level ;  they  are  liable  to  rapid  variations  in  thickness  in  short  distances, 
especially  in  the  case  of  coal-seams,  which  vary  rapidly  in  thickness,  in 
quality,  and  in  appearance.  In  all  cases  where  the  base  is  seen,  the 
Coal-measures  rest  unconformably  upon  the  older  measures,  generally 
quartzites,  or  even  older  rocks,  dipping  at  high  angles.  Very  frequently 
the  Coal-measures  rest  on  an  irregular  deposit  of  quartzite  rock,  debris, 
or  breccia,  evidently  formed  by  denudation  of  the  underlying  rocks,  and 
showing  that  a  considerable  time  elapsed  after  the  tilting  of  the  older 
rocks  before  the  deposition  of  the  coal-bearing  beds. 

Another  interesting  fact  is  that  the  coal-seams  are  not  continuous 
over  any  extensive  area,  not  even  in  what  is  regarded  as  the  same  coal- 
field. It  would  appear  from  the  general  indications  surrounding  these 
deposits  that  the  coal-seams  were  originally  laid  down  in  separate  patches 
and  not  continuous,  as  was  the  case  with  most  of  the  European  deposits, 
notwithstanding  the  fact  that  there  is  a  general  geological  sequence 
throughout  the  whole  of  the  fields  hitherto  discovered. 

The  writer  agrees  with  the  opinion  formed  by  Mr.  W.  Forster  Brown 
that  the  whole  of  the  Transvaal  coal-fields  are  contemporaneous,  and  that 
the  seams  worked  at  some  of  the  different  collieries  are  identical  in  age, 
notwithstanding  the  intervention  of  barren  country  between. 
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The  principal  series  of  coal- deposits  may  be  said  to  extend  from 
Standerton  on  the  south  to  Middelburg  on  the  north,  a  distance  of  about 
200  miles  ;  and  from  Ermelo  on  the  east  to  Balmoral  on  the  west,  a 
distance  of  about  100  miles.  There  are  also  outside  this  area  other 
detached  coal-fields,  such  as  those  at  Springs,  Boxburg,  Heidelberg,  on 
the  Yaal  river,  and  on  the  borders  of  Zululand,  whilst  the  writer  has  also 
seen  similar  deposits  about  50  miles  north  of  Johannesburg  and  also 
considerably  to  the  north  of  Nylstroom  in  the  Waterburg  district.  These 
coal-deposits,  although  occurring  in  isolated  patches,  are  consequently 
found  more  or  less  nearly  all  over  the  Transvaal. 

With  regard  to  the  classification  and  arrangement  of  the  South 
African  geological  formations,  no  one  has  done  more  than  the  late  Prof. 
Green,  whose  work  is  to  be  seen  in  the  interesting  papers  on  geological 
subjects  printed  in  the  Transactions  of  this  Institute.  Most  writers  on 
South  African  geology,  adopt  the  late  Prof.  Green's  classification  of  the 
formations  found  in  Cape  Colony,  and  which  in  descending  order  are  as 
follow  * : — 

Alluvial. 
Cretaceous. 
Stormberg  Beds. 

Volcanic  Beds. 

Cave  Sandstone. 

Red  Beds. 

Molteno  Beds. 
Karoo  Beds. 
Kimberley  Shales. 

(Unconformity.) 
Ecca  Beds. 
Dwyka  Conglomerates. 

(Unconformity.) 
Quartzites. 
Bokkeveld  Beds. 
Table  Mountain  Sandstone. 
Slates  and  Intrusive  Granite. 
Malmesbury  Beds. 

In  the  Transvaal,  sufficient  is  not  yet  known  of  its  geology  to 
identify  satisfactorily  the  above  sub-divisions  or  the  European  geological 

*  "  Correlation  of  Strata  in  South  Africa."     By  Mr.  Walcot  Gibson.     Trans. 
Fed.  Tn*t.,  vol.  xii.,  page  319. 
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formations.     Most   of   the  sub-divisions,  not   yet   recognized  in  the 

Transvaal,  have  been  found  in  the  neighbouring  states  and  no  doubt  as 
mining  operations  are  extended  in  the  coal-bearing  measures  the  other 
sub-divisions  will  become  known  and  recognized. 

So  far  the  precise  geological  age  of  the  coal- bearing  rocks  has  not 
been  definitely  settled,  but  from  general  appearances,  and  the  fact  that 
the  writer  has  found  fossils  which  appear  to  be  Glossopieris,  he  is  inclined 
to  consider  them  of  Triassic  age,  although  there  are  other  writers  who 
seem  equally  convinced  that  they  belong  to  the  Oolite,  Permian,  or  Car- 
boniferous period.  Some  writers  consider  that  the  coal-seams  occur  in 
the  Cave  Sandstone  divisions,  but  the  writer  thinks  with  many  others 
that  at  all  events  as  far  as  explorations  have  gone  at  present,  the 
Transvaal  coal-seams  ought  to  be  placed  in  the  Molteno  Beds.  It  may 
be  that  coal-seams  exist  in  other  beds,  but  the  coarse  grey  grits  of  the 
Molteno  group  are  so  conspicuous  immediately  above  the  thick  coal-seam 
and  cover  such  an  extensive  area  as  to  leave  little  room  for  doubt  as  to 
which  division  the  coal-seams  ought  to  be  placed. 

It  appears  to  the  writer  that  Triassic  beds  have  not  been  so  well 
developed  in  the  Transvaal  as  in  Cape  Colony  as  far  as  thickness  and 
variety  are  concerned,  but  they  are  infinitely  richer  in  coal-seams  both  in 
number,  thickness,  and  quality.  The  marked  break  or  unconformity 
that  exists  between  the  older  measures  and  the  coal-bearing  rocks  in  most 
instances  undoubtedly  shows  an  interval  of  a  considerable  lapse  of  time, 
whilst  the  comparative  flatness  and  freedom  from  disturbing  influences  of 
the  Coal-measures  as  compared  with  the  older  quartzites  also  points  to  a 
more -settled  time  and  existence  of  quite  different  conditions. 

It  is  difficult  to  speak  with  certainty  as  to  the  exact  conditions  under 
which  the  coal-seams  were  deposited,  and  although  there  are  many  points 
to  be  observed  in  favour  of  the  drift  theory,  there  are  authorities  who 
think  there  are  as  many  points  to  be  urged  against  it.  The  writer  has 
already  pointed  out  that  there  are  indications  of  the  coal-seams  having 
been  laid  down  in  different  patches  and  it  is  interesting  to  notice  that  in 
the  outside  fringes  of  the  detached  coal-fields,  the  seam  of  coal  thins  out 
as  though  approaching  an  old  land  surface,  whilst  the  different  isolated 
coal-fields,  by  the  intervention  of  barren  ground,  although  only  a  few 
hundred  feet  in  width  often  show  remarkable  difference  in  the  structure, 
quality,  and  thickness  of  the  coal-seams. 

The  writer  is  of  opinion  that  there  is  much  to  be  said  of  the  view  put 
forward  by  Mr.  W.  Forster  Brown,  in  his  paper  on  "  The  Transvaal  Coal- 
field," printed  in  the  Transactions  of  the   South  Wales   Institute  of 
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Engineers,*  in  which  it  is  stated  that  the  coal-seams  probably  grew  in 
large  morasses.  This  theory  appears  to  the  writer  to  best  fit  in  with  all 
the  surrounding  circumstances  ;  and  to  account  for  the  existence  of  such 
thick  seams  as  are  to  be  found  in  the  Transvaal,  it  is  also  necessary  to 
assume  that  the  climatic  conditions  favoured  a  rapid  growth  of  vegeta- 
tion. For  the  information  of  those  who  take  an  interest  in  the  different 
theories  as  to  the  formation  of  coal-seams,  it  may  be  mentioned  that  in 
the  Transvaal,  the  coal-seams  generally  have  a  shale  floor  and  not 
unfrequently  a  sandstone  floor  :  a  fire-clay  floor  being  the  exception  and 
not  the  rule  as  is  the  case  in  European  coal-fields.  It  not  unfrequently 
happens  that  the  sandstones  of  the  Coal-measures  are  to  be  found  well 
developed  and  resting  directly  on  the  older  rocks  without  the  interven- 
tion of  coal-seams  ;  whilst  instances  are  known  of  mines  being  opened 
to  work  isolated  deposits,  in  appearance  like  dull  cannel  coal,  and  of  so 
earthy  a  nature  that  it  is  difficult  to  decide  whether  to  describe  them  as 
shale  or  coal-mines.  In  small  local  deposits  of  this  kind,  the  specific 
gravity  is  high  and  the  ash  of  a  deep  red  colour,  whilst  in  the  larger 
deposits  the  ash  is  not  unfrequently  white  in  colour.  In  the  sandstones 
overlying  the  coal-seams,  fossil  shells  of  glossopteris  have  been  found  whilst 
in  the  coal-seams  and  shales  pecopferis  and  neuropteris  are  found  in  a 
fragmentary  condition  ;  stems  of  trees  somewhat  like  lepidodendron  are 
found  in  the  sandstones,  but  like  all  vegetable  remains  occurring  in  sand- 
stones they  are  not  found  in  a  good  state  of  preservation. 

Description  of  Coal-fields. 

Vaal  River. — Near  Vereeniging,  on  the  Yaal  river,  coal  has  been 
extensively  worked  by  Messrs.  Lewis  &  Marks  for  several  years  past. 
This  coal-field  forms  part  of  a  much  larger  coal-field  extending  in  a 
southerly  direction  into  the  Orange  Free  State.  The  section  of  strata 
proved  is  as  follows  : — 


No. 

Description  of  Strata. 

1 

Loam 

2 
3 

4 

Clay       ., 

COAL,  shaly  ... 
Yellow  sandstone 

5 
6 

COAL,  good    ... 
Black  shale 

7 
8 

Clay       

Quartzite 

Vol.  xx., 

page  134. 

Thickness 

of  Strata. 

Ft.    In. 

Depth  from 
Surface. 
Ft.     In. 

15     0 

15    0 

48    0 

63    0 

8    0 

71    0 

10    0 

81     0 

8    0 

89    0 

10    0 

99    0 

36    0 

..       135    0 
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When  the  writer  visited  this  colliery,  the  system  of  working  adopted 
was  pillar-and-stall,  the  stalls  being  12  feet  wide,  75  feet  Ion"- 
centre  to  centre,  leaving  pillars  of  solid  coal  60  feet  by  60  feet,  to  be 
worked  out  subsequently.  The  coal  is  of  comparatively  good  quality  and 
may  be  used  for  steam,  house,  and  smiths'  purposes  ;  it  is  largely  used 
on  the  Cape  Government  railways  for  steam,  and  in  Johannesburg  for 
house  and  smiths'  purposes.  The  bottom  bed  of  clay  makes  a  fair  fire- 
brick, which  is  largely  used  for  boiler-flues  and  other  purposes  at  the 
Transvaal  gold-mines. 

Heidelberg.— -The  next  coal-field  calling  for  attention  is  situated  near 
Heidelberg,  and  generally  known  by  the  name  of  the  Heidelberg  coal- 
field. Like  all  the  other  Transvaal  coal-fields  it  occurs  in  detached  fields, 
and  recent  explorations  by  aid  of  the  diamond  drill  have  shown  it  to 
extend  much  farther  in  a  southerly  direction  than  was  at  one  time  antici- 
pated. The  coal-seams  vary  in  thickness  from  4  feet  to  25  feet,  the  last- 
named,  however,  having  frequently  small  intervening  bands  of  shale, 
although  in  one  instance  the  seam  is  over  20  feet  thick  and  free  from 
shale  bands.  As  in  the  case  of  the  Vaal  River  coal-field,  two  distinct 
seams  of  coal  have  been  proved,  but  they  vary  in  thickness  and  quality 
within  comparatively  small  distances.  It  is  said  that  some  of  the  bore- 
holes have  proved  three  or  four  distinct  seams  of  coal  in  a  less  depth  than 
400  feet.  The  coal  is  superior  to  that  of  Vaal  River  for  smith  and  gas 
purposes,  the  best  analyses  running  as  under : — Carbon,  70  to  75  per 
cent.;  ash,  10  to  20;  volatile  matter,  18  to  20;  sulphur,  0'90  to  1*20; 
and  moisture,  5  to  10  per  cent. 

The  collieries  at  present  working  only  produce  a  small  output,  and 
until  they  are  connected  with  the  Natal  railway,  which  passes  a  few  miles 
north  of  the  coal-field,  there  is  not  much  prospect  of  the  collieries  being 
developed  to  any  extent. 

Boksburg. — The  next  coal-field  is  that  of  Boksburg,  alongside  the 
Springs  and  Johannesburg  railway,  and  of  small  extent.  The  seam  of 
coal  varies  in  thickness  from  10  feet  to  18  feet.  In  appearance  it  is 
similar  to  cannel,  but  slightly  duller,  with  a  high  percentage  of  ash,  the 
average  being  about  20  per  cent.  The  coal  is  worked  by  several  small 
collieries,  and  the  depth  being  only  about  50  feet,  no  expensive  plant  is 
needed.  There  is  a  ready  demand  for  the  output  at  the  neighbouring 
gold-mines  for  steam  purposes.  This  coal-field,  with  its  six  collieries, 
when  at  its  best  never  produced  much  more  than  100,000  tons  per  year. 
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The  system  of  working  adopted  is  that  of  pillar-and-stall,  the  regula- 
tion size  of  the  pillars  being  8  feet  square  and  stalls  10  feet  wide ;  but  it 
not  unfrequently  happens,  when  there  is  an  urgent  demand  for  coal,  that 
the  pillars  are  reduced  and  the  stalls  increased  in  size,  with  the  result  that 
the  ground  falls  in  to  the  surface. 

Springs. — About  6  miles  further  to  the  east  of  Boksburg  is  found  the 
principal  coal-field  from  which  the  gold-mines  have  hitherto  drawn  their 
supplies  of  steam  coal,  and  upon  which  the  Brakpan,  Springs,  Cassel,  and 
Great  Eastern  collieries  are  situated.  The  extent  of  this  coal-field  has 
not  been  fully  proved,  but,  taking  Springs  colliery  as  the  centre,  coal  has 
been  proved  to  exist  on  all  sides;  and  in  both  northerly  and  easterly 
directions  detached  coal-fields  have  been  proved  for  many  miles.  Although 
the  coal  about  Springs  cannot  be  said  to  be  of  very  good  quality  it  is  much 
better  than  the  Boksburg  coal,  and  it  compares  very  favourably  with  the 
Brakpan  coal,  and  being  a  fairly  good  steam  coal  and  close  to  the  gold- 
mines it  is  probable  that  it  will  always  have  a  marked  advantage  over  the 
other  coal-fields.  The  strata  does  not  show  any  material  alteration  to 
that  already  described,  the  following  being  the  section  as  proved  at  the 
Brakpan  collieries : — 


No. 

Description  of  Strata. 

1 

Surface  soil 

2 

Clay       

3 

Pot-clay 

4 

Sandstone 

5 

Sandy  clay 

6 

Sandstone 

7 

Shale      

8 

COAL,  good    ... 

9 

Black  shale 

10 

COAL 

11 

Shale       

12 

Sandstone 

13 

Conglomerate  ... 

14 

Quartzite 

Thickness 

of  Strata. 

Ft.   In. 

Depth  from 
Surface. 
Ft.    In. 

...       16 

0 

16    0 

6 

0 

22    0 

...      17 

0 

39    0 

...       10 

0 

49    0 

9 

6 

58     6 

21 

6 

80    0 

5 

0 

85    0 

2 

8 

87    8 

9 

0 

96    8 

...       21 

0 

..       117    8 

3 

6 

..       121     2 

2 

0 

..       123    2 

3 

6 

..       126    8 

3 

4 

130    0 

The  seam  of  coal,  21  feet  thick,  varies  in  thickness  from  18  feet  to 
22  feet  in  different  parts  of  the  field,  the  better  portion  being  always 
found  in  the  bottom  6  feet  or  8  feet,  and  gradually  as  we  ascend  che 
seam  becomes  less  pure  and  more  intermixed  with  shale.  The  more 
closely  the  coal  approaches  that  of  shale  in  appearance,  or,  in  other  words, 
the  duller  it  becomes  it  contains  more  ash,  and  the  heating  power  is 
diminished.     In  the  same  colliery,  within  1,000  feet,  the  character  of  the 
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coal  frequently  changes  completely,  thus  the  old  main  shaft  and  the  new 
main  shaft,  at  Brakpan,  produce  entirely  different  classes  of  coal  although 
on  the  same  property  and  close  to  each  other.  The  same  thing-  happens 
further  east,  the  coal  at  Springs  being  of  a  different  character  to  that 
produced  at  the  Cassel  and  Great  Eastern  collieries.  The  following 
sections  of  strata,  about  the  centre  of  the  above  collieries,  show  how  beds 
of  shale  alternate  with  seams  of  coal : — 

Cassel  Colliery. 


No. 
1 

Description  of  Strata. 
Clay,  sandstone,  and  shale  .. 

Thickness 

of  Strata. 

Ft.    In. 

.      93    0 

Depth  from 
Surface. 
Ft.    In. 

93    0 

2 

COAL,  good  and 

bright 

5 

0 

98    0 

3 

Shale     

...         . , 

.       14 

0 

...       112    0 

4 

COAL 

...         . . 

.       18 

0 

...       130    0 

5 

Shale      

... 

6 

0 

...       136    0 

6 

COAL 

.. 

.      22 

0 

...       158    0 

7 

Shale      



.       16 

0 

...       174    0 

Great  Eastern 

Colliery, 

Prospecting 

Shaft. 

No. 
1 

Description  of  Strata. 

Soil        

Thickness 
of  Strata. 
Ft.    In. 

3    0 

Depth  from 

Surface. 

Ft.   In. 

3      0 

2 

Clay,  sandstone,  i 

and  shale  .. 

.      95 

6 

98     6 

3 

COAL,  bright  and  good 

2 

0 

..       100     6 

4 

Shale      

... 

8 

0 

...       108     6 

5 

COAL 

... 

2 

0 

,..       110    6 

6 

Shale      

4 

0 

..       114    6 

7 

Breccia  ... 

0 

9 

..       115    3 

8 

Shale      

10 

7 

..       125  10 

9 

COAL 

5 

0 

..       130  10 

10 

Shale      

... 

0 

6 

..       131     4 

11 

COAL 

... 

6 

0 

..       137     4 

12 

Shale     

4 

6 

..       141  10 

13 

COAL 

4 

7 

..       146    5 

14 

COAL  and  shale 

6 

6 

..       152  11 

15 

COAL 

.. 

2 

0 

..       154  11 

16 

Shale      

... 

0 

2 

..       155     1 

17 

COAL 

... 

6 

1 

161     2 

18 

COAL 

... 

5 

4 

..       166     6 

19 

Shale      

10 

0 

..       176    0 

20    Quartzite  —  ...  — 

It  should  be  noted,  however,  that  the  Cassel  and  Great  Eastern 
properties  contain  well  developed  seams  of  coal  comparatively  free  from 
shale  partings,  but  they  are  nevertheless  liable  to  variations  in  thickness. 

WitMip, — Travelling  in  an  easterly  direction,  there  are  various  farms, 
where  seams  of  coal  have  been  proved,  in  fact  isolated  coal-fields  may  be 
expected  to  be  found  more  or  less  all  the  way  to  Middelburg.     Large 
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tracts  of  intervening  country  occupied  by  the  older  rocks  will  occur  here 
and  there,  but  very  little  prospecting  suffices  to  show  the  geological  age 
of  the  rocks  when  no  other  indications  can  be  found.  On  the  Witklip 
farm,  about  12  miles  east  of  Springs,  a  borehole  was  put  down  to  a  depth 
of  76  feet,  the  bore  penetrating  a  seam  at  a  depth  of  61  feet  and  was 
still  in  the  coal  when  stopped,  thus  proving  the  seam  to  be  over  15  feet 
thick.  This  coal  has  a  dull  lustre  like  Brakpan  coal,  and  an  analyses  of 
two  samples  gave  the  following  results 


I. 

II. 

Carbon    ... 

66-00 

57  00 

Volatile  matter 

10-45 

17-60 

Ash          

13-00 

16-50 

Moisture 

10-55 

8-90 

Specific  gravity 

1-62 

1-78 

This  coal  is  a  fair  steam  coal,  but  not  sufficiently  good  to  bear  the 
carriage  by  ox-waggons  to  Springs  station  in  competition  with  existing 
collieries. 

Wilge  River. — The  next  coal-field  upon  which  any  work  has  been 
done  is  20  miles  further  eastward  on  the  Wilge  river,  where  mines  were 
opened  to  supply  the  gold-mines  before  the  Boksburg  and  Brakpan 
deposits  were  discovered.  The  coal  outcrops  on  the  river  bank  and 
shows  the  following  section  : — 


No. 

Description  of  Strata. 

Thickness 

of  Strata. 

Ft.    In. 

Depth  from 
Surface. 
Ft.    in. 

1 

Sandstone 

...         10      0 

10    0 

2 

COAL 

0     4 

10    4 

3 

Sandstone 

0    3 

10    7 

4 

COAL 

0    6 

11     1 

5 

Shale 

0    6 

11    7 

6 

COAL,  bright 

12 

12    9 

7 

Shale      

10 

13    9 

8 

COAL,  bright 

17 

15    4 

9 

Shale      

0    6 

15  10 

10 

COAL 

2    0 

17  10 

11 

Shale      

0    2 

18    0 

12 

COAL,  steam  ... 

...       17    0 

35    0 

The  two  seams  of  coal  of  1  foot  2  inches  and  1  foot  7  inches  in  thick- 
ness, with  a  shale  parting  between,  are  bright  coals  suitable  for  smithy 
and  gas  purposes,  and  give  the  following  results  on  analysis : — 
Carbon     , 56*15 


Volatile  matter  . . . 
Moisture 

Ash  

Sulphur    ... 


34-24 
6-10 
3-05 
0-46 


Specific  gravity 1*30 
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Owing  to  the  scarcity  of  this  class  of  coal  and  high  cost  of  transport, 
this  coal  has  been  readily  sold  in  Johannesburg  at  from  £4  to  £5  a  ton. 
The  thick  Beam  being  inferior  and  similar  in  quality  to  that  worked  in 
the  collieries  in  the  neighbourhood  of  Springs  and  Brakpan  is  unwork- 
able at  a  profit  owing  to  the  want  of  railway  accommodation.  There  can 
In'  little  doubt  but  that  these  seams  arc  contemporaneous  with  the  seams 
of  coal  found  at  Springs,  Brakpan,  and  Boksburg,  the  thin  seam  of  bright 
good  coal  in  all  cases  overlying  the  thick  dull  seam  of  steam  coal,  whilst 
still  further  to  the  east  the  same  geological  sequence  in  the  seams  of  coal 
may  be  observed. 

Steam  Goal  Spruit. — About  30  miles  to  the  north-east,  in  what  is 
known  as  the  Steam  Coal  Spruit  coal-field,  the  better  class  of  coal  was 
workod  for  smithy  purposes  of  the  following  section  : — 


To. 

Description  of  Strata. 

Thickness 

of  Strata. 

Ft.    In. 

Depth  from 
Surface. 
Ft.      In. 

1 

Soil         

6 

0 

6    0 

2 

Fine-grained  sandstone 

...       10 

0 

16    0 

3 

Black  shale 

4 

0 

20    0 

4 

COAL,  good 

1 

0 

21     0 

5 

Blue  shale 

2 

0 

23    0 

6 

COAL 

2 

6 

25    6 

7 

Black  shale 

— 

When  these  mines  were  working  the  coal  commanded  £4  per  ton  and 
upwards  in  Johannesburg,  but  of  this  price  the  transport  cost  over  £3  per 
ton,  leaving  about  15s.  per  ton  net  at  the  mines. 

Olifants  River. — Still  further  north  is  the  Olifants  river  coal-field  pos- 
sessing probably  the  best  coal  yet  found  in  the  Transvaal,  but  owing  to 
lack  of  railway  accommodation  it  cannot  be  worked  to  advantage.  The 
section  of  strata  shown  in  the  shaft  of  the  Rand  Coal  Mining  Company's 
mine  at  Van  Dykes  Drift  was  as  under  : — 


No. 

Description  cf  Strata. 

Thickness 

of  .Strata. 

Ft.     In. 

Depth  fror 
Surface. 
Ft.    In. 

1 

Soil  and  clay   ... 

15 

0 

15     0 

2 

Sandstone 

23 

0 

38    0 

3 

COAL 

0 

9 

38    9 

4 

Shale      

2 

6 

41     3 

5 

COAL 

1 

0 

42    3 

6 

Sandstone 

13 

0 

55    3 

7 

Grey  fine-grained  sandstone... 

18 

0 

73    3 

8 

Shale      

10 

0 

83    3 

9 

COAL,  bright            

5 

0 

88    3 

10 

COAL,  dull  steam     

9 

6 

97    9 

11 

Black  shale 

— 
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The  5  feet  of  bright  coal  was  the  only  portion  of  the  seam  worked, 
and  this  owing  to  the  difficulties  of  transport  only  to  a  small  extent. 
This  coal  produced  a  good  coke  which  commanded  a  high  price  in 
Johannesburg,  £10  to  £13  a  ton  being  paid  for  it  for  assaying  purposes. 

Ermelo.— Further  south,  in  the  neighbourhood  of  Ermelo,  seams  of 
coal  both  bright  and  dull  are  found,  varying  from  2  feet  to  6  feet  in 
thickness,  but  in  the  absence  of  railway  facilities  and  local  markets  the 
prospects  of  these  coal-fields  being  opened  up  are  somewhat  remote. 

Middelburg,  Balmoral,  etc. — "West  of  Middelburg,  alongside  the  Pre- 
toria and  Delagoa  Bay  railway,  especially  in  the  neighbourhood  of 
Balmoral,  several  important  collieries  are  being  opened  up.  Probably 
the  most  important  is  the  Douglas  colliery,  close  to  Balmoral  station, 
some  45  miles  distant  from  Pretoria,  and  connected  with  the  Pretoria 
and  Delagoa  Bay  railway  by  a  branch  line  about  2  miles  long.  Douglas 
colliery  has  been  working  some  time,  and  the  section  of  the  strata  is  as 
follows  : — 


fo. 

Description  of  Strata. 

Thickness 

of  Strata. 

Ft.    In. 

Depth 

of  Strata. 

Ft.    In. 

1 

Soil 

3 

0 

3      0 

2 

Coarse  sandstones  and  shales 

40 

0 

43    0 

3 

COAL,  dull  steam     

6 

0 

49    0 

4 

COAL,  bright  smithy 

4 

6 

53    6 

5 

COAL,    smithy    and    steam, 

mixed 

3 

9 

57     3 

G 

COAL,  bright  gas  and  coking 

4 

9 

62    0 

7 

Sandstone,  hard  and  coarse... 

4 

0 

66    0 

8 

COAL,  bright  smithy 

4 

6 

70    6 

9 

COAL,  inferior 

0 

6 

71    0 

0 

Black  shale      

—          . 

— 

It  will  be  noticed  that  there  are  two  seams  of  marketable  coal,  the 
upper  one  19  feet  thick,  and  the  lower  one  4  feet  6  inches,  making  in  all 
23  feet  6  inches  of  coal.  The  upper  seam  is  very  valuable,  as  it  contains 
all  the  different  qualities  of  coal  likely  to  be  required,  such  as  steam, 
house,  smithy,  gas,  and  coking,  the  better  qualities  containing  only  from 
5  to  6  per  cent,  of  ash. 

Nearer  Middelburg,  and  some  few  miles  further  along  the  Pretoria 
and  Delagoa  Bay  railway,  at  the  Silksworth  colliery,  the  following  section 
is  given  : — 
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_  Thickness  Depth  from 

No.  Descnptii     of  Strata.  of  Strata.  Burfa 

Ft.    In.  in. 


1  lilue  shale 

2  COAL,  steam  ... 

3  COAL,    smithy    and    steam, 

mixed 

4  Shale      .. 


16    0        ...        16    0 

5    0        ...         21     0 


3     0  ...  24  0 

10  ...  25  0 

5  COAL,  bright  smithy  ...         2     6  ...  27  6 

6  COAL,  seconds  smithy         ...       10    6  ...  38  0 

Between  Silksworth  colliery  and  Middelburg,  more  or  less  distant 
from  the  railway,  mining  operations  on  a  limited  scale  are  being  carried 
on  ;  and  on  the  other  side  of  Middelburg,  near  Belfast,  several  seams  of 
coal  are  being  opened  up,  from  4  feet  to  10  feet  in  thickness.  As  these 
deposits  are  more  or  less  the  same  in  character  as  those  already  described, 
further  detailed  descriptions  are  unnecessary. 

Honigmst  Krantz,  etc. — Perhaps  the  most  important  discovery  of 
coal  recently  made  is  that  at  Honignest  Krantz,  about  10  miles  north  of 
Pretoria,  on  one  of  the  patches  of  Coal-measures  previously  described, 
prospecting  operations  having  shown  the  existence  of  no  less  than  three 
seams  of  coal,  varying  in  thickness  from  3  to  10  feet,  and  suitable  for 
both  steam,  smithy,  and  gas  purposes.  As  the  mines  are  on  the  Pretoria 
and  Pietersburg  line  of  railway  and  less  than  50  miles  from  the  Rand, 
there  is  every  prospect  of  successful  colliery  operations  being  carried  on. 

Less  than  1  mile  north  of  the  hotel  at  Hammons  Kraal,  on  the  road 
from  Pretoria  to  Nylstroom,  and  likewise  near  Pineaars  river  on  the  same 
road,  the  writer  has  observed  deposits  of  Coal-measures,  and  no  doubt 
several  coal-fields  exist  in  this  neighbourhood,  so  that  on  the  conclusion 
of  the  Pietersburg  line  of  railway  there  is  every  prospect  of  these  coal- 
deposits  being  extensively  and  profitably  worked. 

Methods  of  Working. 

Owing  to  most  of  the  seams  of  coal  being  thick  and  situated  near  to 
the  surface,  the  system  of  working  in  vogue  is  principally  pillar-and-stall, 
but  the  system  varies  considerably  in  different  parts  of  the  country  as  to 
the  dimension  of  the  pillars  and  the  stalls.  At  Messrs.  Lewis  &  Marks 
Vereeniging  collieries,  where  the  ground  is  somewhat  soft  and  the  surface 
intersected  by  the  Vaal  river,  which  in  summer  time  is  liable  to  flood  the 
surrounding  country,  the  stalls  are  only  12  feet  wide,  whilst  the  pillars 
are  left  60  feet  square  :  a  wise  and  prudent  system  under  the  circum- 
stances. 


50  TRANSVAAL  COAL-FIELDS. 

On  the  other  hand,  in  the  small  collieries  at  Boksburg,  the  working 
of  the  coal  is  carried  on  with  but  little  regard  as  to  whether  the  surface  is 
broken  or  not.  Stalls  10  feet  wide,  and  pillars  8  feet  square,  are  quite 
ample  to  keep  the  ground  intact,  but  frequently  the  pillars  are  so  reduced 
and  so  little  regard  paid  to  safety  that  the  burning  waste  heap  is  so 
honeycombed  by  the  underground  workings  at  times  as  to  find  its  way 
into  the  mine  by  the  collapse  of  the  surface  and  give  rise  to  endless 
trouble,  and  in  some  instances  cause  the  stoppage  of  the  mine.  In 
working  such  a  thick  seam  as  that  at  Boksburg,  the  lower  6  feet  or  8  feet 
are  extracted  first,  and  then  another  lift,  3  or  4  feet  thick,  as  the  demand 
for  coal  requires  or  thickness  of  seam  admits. 

At  the  Brakpan  collieries,  where  the  seam  is  22  feet  thick  and  80 
to  100  feet  deep  to  the  top  of  the  seam,  various  systems  of  working  have 
been  tried,  even  longwall  on  a  limited  scale,  which,  considering  the  nature 
of  the  strata  and  the  fact  that  15  feet  of  coal  were  extracted  from  the 
seam,  soon  caused  the  ground  to  fall  to  the  surface ;  an  occurrence 
which  likewise  frequently  happened  when  the  pillars  were  reduced  to  4  or 
5  feet  square,  but  this  reduction  of  pillars  was  principally  carried  on 
where  a  fall  to  the  surface  would  be  of  little  consequence  and  when  there 
was  an  extraordinary  demand  for  coal.  The  fixed  rule  with  regard  to 
working  pillar-and-stall  adopted  was  first  to  block  out  the  seam  into 
squares  of  90  feet  on  the  side,  the  development  roads  being  driven  9 
feet  wide  and  8  feet  high.  From  these  roads,  stalls  are  driven  of  a 
maximum  width  of  15  feet,  leaving  pillars  from  10  to  12  feet  thick.  In 
the  first  working,  8  feet  of  the  seam  was  extracted,  the  other  6  or  7  feet 
being  sometimes  taken  down  and  sometimes  left  as  a  reserve,  because 
being  easier  to  work  it  was  found  useful  when  there  was  an  extra  demand 
for  coal  or  great  scarcity  of  Kaffir  labour.  A  much  better  system  and 
one  that  yielded  more  coal  at  less  expense  was  to  confine  the  preliminary 
or  development  roads  to  those  absolutely  necessary  for  tramming  purposes, 
say  every  300  feet  at  the  least,  and  to  attack  the  coal  with  15  feet 
openings,  leaving  pillars  12  feet  square  to  carry  the  roof.  Under  this 
system  of  working,  the  Kaffirs  had  frequently  a  working-face  of  30  feet; 
the  result  being  a  greater  yield  of  large  and  better  coal  (the  bottom 
portion  of  the  seam  being  the  best),  whilst  if  any  extra  support  was 
required  at  any  time  it  could  be  left  in  the  shape  of  inferior  roof-coal 
between  the  pillars.  Under  this  method,  ample  support  was  left  and 
when  the  top  coal  was  taken  down,  the  coal  left  was  in  the  shape  of  an 
arch  supported  by  the  square  pillars  so  that  a  fall  was  not  possible.  The 
coal  being  hard  with  a  total  absence  of  cleats  or  slines,  the  explosive  used 
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was  dynamite,  and  the  wider  the  working-face  the  better  and  more 
effective  was  the  work  done  by  the  dynamite.  Dynamite  was  dear,  and 
there  being  absolutely  no  sale  for  small-coal  (less  than  nuts),  all  small-coal 
produced  was  a  dead  loss. 

In  the  Steam  Coal  Spruit  and  Olifants  river  districts,  where  the  seams 
are  thinner,  the  iongwall  system  of  working  was  introduced  \vith  con- 
siderable success,  but  owing  to  the  lack  of  railway  accommodation  work 
was  only  carried  on  on  a  limited  scale. 

The  tramming  underground  is  generally  performed  by  Kaffirs. 

In  all  the  districts,  except  Middelburg,  shafts  both  circular  and 
rectangular  are  in  use.  In  that  district,  the  coal  is  generally  won  by. 
adits.  The  winding  engines  are  mostly  worked  on  the  second  motion, 
the  shafts  being  too  shallow  for  direct-acting  winding-engines  to  be 
employed  successfully. 

All  the  large  collieries  are  well-fitted  up  with  screens  and  picking 
belts,  although  only  two  classes,  coal  and  nuts,  are  made. 

Labour. — The  bulk  of  the  labour  is  performed  by  Kaffirs  under  the 
supervision  of  Europeans.  The  Kaffirs  work  both  by  day  and  by  contract, 
the  latter  being  by  far  the  most  satisfactory  system.  By  day,  the  Kaffir 
is  paid  on  an  average  about  2s.,  the  company  housing  and  feeding  him  at 
a  further  cost  of  about  6d.  a  day.  In  time,  the  Kaffir  becomes  fairly 
proficient  at  his  work,  and  the  longer  he  stays  the  more  proficient  he 
becomes.  For  work  requiring  skill  and  intelligence  he  is  unsuited,  and 
for  winding,  stoking,  and  similar  work  European  labour  is  necessary. 
Generally  speaking,  at  the  collieries  working  the  thick  seams,  one 
European  can  supervise  fifty  boys  or  Kaffirs,  and  if  the  underground 
operations  are  carried  on  under  a  proper  system,  there  is  no  difficulty  in 
obtaining  an  average  output  of  one  ton  of  saleable  coal  per  day  per  Kaffir 
employed.  Europeans  earn  on  an  average  about  £1  per  day  as  overseers, 
carpenters,  fitters,  blacksmiths,  enginemen,  etc.,  with  free  rooms  and  coal 
in  addition. 

Cost  of  Working. — The  cost  of  working  varies  a  good  deal  in  the 
various  districts,  according  to  local  conditions,  method  of  working 
adopted,  etc.,  the  cost  of  course  being  highest  during  the  time  the  mine  is 
being  opened  out,  when  the  output  is  small  with  a  large  amount  of  narrow 
work  on  hand.  In  the  thick  seam  at  Brakpan,  Boksburg,  and  Springs, 
with  the  collieries  properly  developed  and  plenty  of  demand  for  the  coal, 
the  cost  should  run  about  4s.  6d.  per  ton  put  into  trucks  at  the  mines. 
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The  cost  at  Brakpan  colliery  on  an  output  of  21,000  tons  for  the  month 
coming  out  as  follows  : — 

Kaffir  labour  2     0 

0  10 


White  labour 

Stores,  etc 

Feeding  natives  and  other  charges 


1     0 
0     8 

4     6 


Total  cost 

With  an  output  of  16,000  tons  per  month,  the  cost,  however,  reached  5s. 
per  ton.  In  the  mines  with  thinner  seams  the  cost  is  as  high  as  6s  to  8s. 
per  ton,  especially  where  the  coal  is  obtained  from  narrow  bords. 

Quality  of  the  Coal. — As  previously  described,  the  quality  of  the  coal 
is  very  variable,  the  same  seam  varying  considerably  within  a  com- 
paratively short  distance.  It  may  be  said  that  the  Transvaal  coals  are 
suited  for  almost  every  purpose,  but  generally  they  are  classed  as  steam, 
smithy,  and  gas  coals.  The  best  coal  for  all  purposes  undoubtedly  is  that 
found  in  the  Middelburg  district,  but  its  distance  from  the  chief  markets 
will  only  permit  of  its  being  worked  to  a  very  limited  extent.  The  best 
coal  yet  found  near  Middelburg  by  the  writer  had  the  following  analysis : — 

Per  Cent. 
Carbon     67*43 


Volatile  matter 
Sulphur    ... 
Ash 


31-09 
0-42 
1-06 


There  is  also  an  abundance  of  coal  containing  from  5  per  cent,  to  10 
per  cent,  of  ash,  and  in  seams  from  5  feet  to  10  feet  in  thickness.  Next 
after  the  Middelburg  coals  come  those  of  Heidelburg,  with  10  per  cent, 
of  ash,  and  following  these  in  order  are  the  Yaal  river,  Brakpan,  and 
Boksburg  coals,  the  two  latter  containing  from  10  per  cent,  to  20  per  cent, 
of  ash.  All  the  coals,  except  those  of  the  Middelburg  district,  are  more 
suited  for  steam  purposes  than  anything  else,  but  unfortunately  the 
demand  for  coal  outside  steam  purposes  is,  in  the  Transvaal,  of  a  very 
limited  character.  The  consumption  for  household  purposes  is  principally 
confined  to  cooking  stoves,  for  which  any  ordinary  coal  will  suffice. 

Railways  and  Markets. — It  may  be  taken  for  granted  that  without 
railways  very  few  markets  can  be  found  for  the  output  from  the 
collieries,  and  as  the  Witwatersrand  gold-mines  form  the  principal 
market,  collieries  to  supply  that  market  must  be  able  to  compete  with 
the  cheaply-worked  mines  at  Boksburg,  Brakpan,  and  Springs,  from 
which,  hitherto,  the  gold-mines  and  the  Rand  trams  have  drawn  the  bulk  of 
their  supply.     The  Yaal  river  collieries  dispose  of  the  bulk  of  their  out- 
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put  to  the  Oape  Government  railways,  and  no  doubt  when  the  Heidel- 
burg  collieries  are  conneeted  with  the  Natal  and  South  African  1  tail  way 
bhey  will  be  able  to  find  a  better  outlet  for  their  coal.  It  would  seem 
that,  despite  the  very  ordinary  quality  of  the  coal  from  the  Bqksburg 
and  Springs  mines,  its  cheapness  will  always  secure  it  a  sale  at  the  gold- 
mi  ues.  Some  of  the  collieries  near  Balmoral,  on  the  Pretoria  and 
Delagoa  Bay  railway,  especially  the  Douglas  colliery,  ought  likewise  to 
command  a  fair  trade  at  the  gold-mines.  It  is  to  be  hoped  that  the 
collieries  round  Middelburg  will  be  able  to  find  an  outlet  at  Delagoa  Bay, 
about  which  there  is  considerable  doubt,  or  they  will  probably  have  to 
wait  many  years  before  the  country  becomes  sufficiently  developed  to 
consume  the  output  of  the  different  collieries  now  being  opened  up  in 
that  district. 

There  is  no  sale  for  small  coal  (about  20  per  cent,  passing  through 
a  gauze  of  f  inch  mesh).  The  actual  production  at  the  thick  seam 
collieries,  worked  on  the  pillar-and-stall  system,  is:  large  coal,  60  per 
cent.;  nut  coal,  20  per  cent.;  and  small  coal,  20  per  cent.  Four  years  ago 
large  coal  sold  for  12s.  per  ton  and  nuts  for  8s.  per  ton  at  the  pits,  but 
to-day  they  sell  for  10s.  and  7s.  per  ton  respectively.  At  the  other  mines 
the  prices  are  about  the  same,  the  difference  in  quality  for  which  higher 
prices  are  paid  being  swallowed  up  by  the  heavier  railway  rate. 

The  Rand  gold-mines  will  continue  to  form  the  principal  centre  of 
consumption,  and  as  this  industry  continues  to  thrive  a  better  demand 
for  coal  will  likewise  arise.  The  principal  want  felt  by  the  collieries  is 
improved  transport,  in  the  shape  of  railway  accommodation,  the  demand 
for  coal  having  increased  by  such  leaps  and  bounds  as  to  severly  overtax 
the  accommodation  provided  by  the  Netherlands  Railway  Company. 
The  bagging  of  the  whole  of  the  output  is  likewise  a  considerable  source 
of  trouble  and  expense ;  but  steps  are  being  taken  to  overcome  this  diffi- 
culty. 

The  resources  of  the  Transvaal  coal-fields  are,  no  doubt,  ample  for 
many  years  to  come,  but  as  the  coal-seams  are  patchy  in  character,  it 
may  happen  that  the  resources  are  more  slender  than  would  at  first  sight 
appear  to  mining  engineers  making  a  cursory  examination. 


Mr.  H.  St.  John  Durnfoed,  in  moving  a  vote  of  thanks  to  Mr. 
Gascoyne  for  his  paper,  said  that  the  author's  last  remark  might  be 
true  that  there  was  not  so  much  coal  there  after  all.     The  price  of  10s. 
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to  12s.  per  ton — as  the  coal  had  to  be  put  into  bags— was  not  so  good 
as  it  seemed,  as  gold  was  less  valuable  there  than  here. 

Mr.  E.  W.  Thirkell,  in  seconding  the  motion,  said  that  the  paper 
would  repay  careful  study.  The  Transvaal  was  now  attracting  a  great 
deal  of  attention,  and  the  coal  seemed  to  be  remarkably  free  from 
sulphur,  which  was  rather  an  important  point.  Another  important 
feature  showed  that  the  coal,  which  in  this  country  always  rested  upon 
a  bed  of  fire-clay,  which  they  were  led  to  believe  was  the  ancient  soil, 
did  not  seem  to  be  formed  on  those  lines  in  the  Transvaal. 


ANNUAL  GENERAL  MEETING. 

Mr.  Hall  moved  "  that  the  Council  be  desired  to  consider  what  is 
the  best  date,  hour,  and  place  for  the  annual  meeting." 

Mr.  Nevin  seconded  the  motion. 

The  resolution  was  carried. 


The  annual  dinner  was  held  in  the  evening  at  the  King's  Head 
Hotel. 
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MIDLAND  INSTITUTE  OF   MINING,   CIVIL,  ANp 
MECHANICAL   ENGINEERS. 


GENERAL  MEETING, 
Held  at  the  Queen's  Hotel,  Leeds,  October  2nd,  1897. 


Mr.  GEO.  BLAKE  WALKER  ^President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 

The  President  moved  a  vote  of  condolence  with  the  family  and 
friends  of  the  late  Mr.  W.  Hoole  Chambers,  for  many  years  an  active 
and. influential  member  of  the  Institute. 

The  vote  was  carried  in  silence. 


The   following-  gentlemen   were    elected,    having    been    previously 
nominated  : — 

Memeers — 
Mr.  R.  Altenheim,  Mechanical  Engineer,  Foster's  Buildings,  High  Street,. 

Sheffield.' 
Mr.  Alfred  Crowther,  Mechanical  Engineer,  West   Vale  House,  Greet- 

land,  Halifax. 
Mr.  Richard  Andrew  Escott,  Mining  Engineer,  202,  Bishopsgate  Street 

Without,  London,  E.G. 
Mr.  Chas.  Jas.  Murton,  Colliery  Manager,  Barrow  Collieries,  Barnsley, 
Mr.  Fred.  H.  Whalley,  Civil  and  Mining  Engineer,  202,  Bishopsgate  Street 

Without,  London,  E.G. 


DISCUSSION  ON  ME.  H.  BONSER'S  PAPER  ON  "  RECOVERY 
OF  CYANOGEN  AND  OTHER  RESIDUAL  PRODUCTS 
FROM  THE  WASTE  GASES  OF  COKE-OVENS."  * 

Mr.  L.  T.  O'Shea  (Sheffield)  remarked  that  Mr.  Bonser's  paper  on  the 
recovery  of  cyanogen  from  coke-oven  gases  introduced  a  subject  of  con- 
siderable interest,  and  drew  attention  to  a  somewhat  new  departure  in 
coke-manufacture.  For  the  last  16  or  17  years  considerable  attention 
had  been  given  to  the  question,  especially  in  connexion  with  gas- 
manufacture,  and  of  late  years  British  gas-engineers  had  been  occupied 

*  Trans.  Fed.  Inst.,  vol.  xiii.,  page  335. 
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with  investigations  on  the  subject.  He  was  not  aware,  however,  that 
hitherto  the  coke-manufacturer  had  given  much  attention  to  the  recovery 
of  cyanogen  from  the  gases  of  the  closed  oven,  and  such  papers  as  Mr. 
Bonser's  were  valuable  in  pointing  out  the  possibilities  which  lay  within 
the  reach  of  distillers  of  coal.  The  manufacture  of  coke  in  the  closed 
oven  is  practically  the  same  process  as  gas-manufacture,  and  if  cyanogen 
can  be  profitably  recovered  in  the  latter,  it  should  also  be  possible  in  the 
former,  where  the  conditions  for  the  formation  of  cyanogen  are  quite  as 
favourable  as  in  gas-manufacture,  even  if  not  more  so.  Dr.  Knoblauch, 
of  Cologne,  who  is  a  great  authority  on  the  subject,  states  that  2  per 
cent,  of  the  nitrogen  in  coal  can  be  obtained  as  cyanogen :  this  is  equiva- 
lent to  about  3  lbs.  of  potassium  ferrocyanide  per  ton  of  coal,  and  it  has 
been  stated  by  Mr.  Foulis,  in  the  Gas  World,  *  that  he  could  obtain 
5  lbs.  of  sodium  ferrocyanide  per  ton  of  coal.  Such  results  are  specially 
favourable,  and  it  is  hardly  likely  that  they  represent  an  average  yield, 
as  the  formation  of  cyanogen  depends  on  the  quality  of  the  coal  and  the 
temperature  of  distillation.  Still,  if  the  yield  be  taken  at  from  2  to  2 J 
lbs.  of  ferrocyanide  per  ton  of  coal,  he  thought  that  Mr.  Bonser's  esti- 
mate of  the  profit,  namely,  9d.  per  ton,  was  reasonable. 

It  was  difficult  to  offer  much  criticism  on  the  process  described  by  Mr. 
Bonser,  as  he  had  given  no  figures  to  show  how  efficiently  it  works,  but 
Jie  would  like  to  ask  him  a  few  questions  concerning  the  results  obtained. 
The  success  of  the  Holmes  process  will  depend  on  (1)  the  completeness 
with  which  the  cyanogen  is  removed  from  the  gases,  and  (2)  the  compo- 
sition of  the  product  formed.  The  amount  of  cyanogen  in  the  gases 
probably  does  not  exceed  O'lO  to  0*15  per  cent,  of  the  total  volume  : 
to  remove  so  small  a  quantity  by  a  process  of  washing  is  a  matter  of 
some  difficulty,  and  it  would  be  interesting  to  know  how  efficiently  the 
process  works  in  this  respect.  Sodium  ferrocyanide  is  evidently  the 
ultimate  product  aimed  at  in  the  Holmes  process,  but  it  is  well  known 
that  there  is  a  tendency  for  sulphocyanides  to  be  formed  at  the  expense 
of  the  ferrocyanides,  and  he  would  like  to  ask  Mr.  Bonser  whether  any 
special  precautions  are  taken  to  prevent  the  formation  of  sulphocyanides. 

If  the  results  are  satisfactory  in  these  respects,  the  simplicity  of  the 
process  must  commend  itself  to  colliery  managers.  But  the  favour  with 
which  they  regard  it  will  be  determined  by  the  commercial  success  that  is 
likely  to  attend  its  adoption,  however,  at  present,  the  supply  of  cyanide 
appears  to  exceed  the  demand.  When  the  demand  exceeds  the  supply, 
there  is  a  chance  for  the  coke-manufacturer  to  increase  the  value  of  his 
coal  by  adding  9d.  per  ton  to  his  receipts.  To  do  this,  however,  he  must 
*  May  8th,  1897,  page  758. 
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be  prepared  to  take  advantage  of  the  opportunity  when  it  arises,  and 
therefore  must  be  quite  abreast  of  his  continental  competitors,  who,  in 
the  matter  of  coke-manufacture,  are  considerably  ahead,  inasmuch  as 
they  realize  to  the  fullest  extent  the  value  of  recovering  bye-products 
from  coke-oven  gases.  To  these  products  another  is  now  added,  and  the 
members  must  thank  Mr.  Bonser  for  his  pioneer  paper  on  the  subject. 

Mr.  H.  Bonser  stated  that  the  cost  of  the  Holmes  recovery-apparatus 
for  a  gas-works  producing  500,000  cubic  feet  of  gas  from  50  tons  of  coal 
per  day  was  about  £1,500 — and  not  as  previously  stated.* 


DISCUSSION   ON   MESSRS.  WALKER  AND   O'SHEA'S  PAPER 

ON     "RECENT    PROGRESS    IN    THE    RECOVERY    OF 

BYE-PRODUCTS  FROM  COKE-OVENS."  f 

Mr.  T.  W.  H.  Mitchell  remarked  that  all  the  ovens  described  in 

the  paper  had  to  be  worked  without  intermission,  Sundays  included.    He 

wondered  whether  they  would  be  able  to  work  them  in  that  manner  in  the 

present  state  of  the  British  labour  market.     He  knew  that  some  collieries 

were  working  their  ovens  on  Sundays,  but  those  who  were  not  doing  it 

would,  he  feared,  have  a  hard  battle  to  get  it  done.     Was  it  absolutely 

necessary  that  the  working  should  be  continuous  ?    Could  not  the  draught 

be  checked,  so  as  to  obviate  Sunday  work  ? 


DISCUSSION  ON  MR.  O.  DUNSTON'S  PAPER  ON  "THE 
EASTERN  EXTENSION  OF  THE  MIDLAND  COAL- 
FIELD, AND  THE  EXPLORATION  AT  SOUTHCAR."  J 

The  President  said  that  the  Southcar  boring  meant  an  indefinite 
prolongation  of  the  life  of  the  South  Yorkshire  coal-field.  The  depth  at 
which  the  Barnsley  coal-seam  had  been  found  at  Southcar,  3,500  feet, 
was  a  great  depth,  but,  if  the  seam  maintained  its  valuable  character, 
that  depth  would  not  be  an  insuperable  difficulty.  The  members  would 
look  forward  to  investigations  being  carried  still  further  eastward,  as 
there  was  some  evidence  that  coal-seams  cropped  out  in  the  North  Sea, 
forming  the  eastern  edge  of  the  basin.  After  passing  through  the  super- 
ficial measures,  little  trouble  had  been  experienced  with  water  in  the 
Southcar  boring,  so  that  water  was  not  likely  to  constitute  a  serious 
obstacle  to  the  winning  of  the  coal  in  that  district.  It  was  also  proved 
that  there  were  no  very  large  faults,  so  that  on  the  whole  the  problem  as 

*  Trans.  Fed.  hist.,  vol.  xiii.,  page  339.    f  Ibid.,  vol.  xiii.,  page  302. 
X  F>id.,  vol.  xii. ,  page  515  ;  and  vol.  xiii.,  page  330. 


58  DISCUSSION — GEOLOGY  OF  DEEPCAR. 

to  the  continuance  of  the  coal-field  to  the  east  might  now  be  considered 
to  be  very  satisfactorily  demonstrated. 

Mr.  Bonser  said  that  the  bore-hole  passed  through  6  or  8  feet 
of  gypsum,  at  a  moderate  depth.  Whatever  the  depth,  considering  that 
Derbyshire  gypsum  and  other  mines  were  worked  out,  a  valuable  mine 
of  gypsum  was  well  worth  working,  and  would  pay  better  than  the  coal. 


DISCUSSION  ON  MESSRS.  H.  ST.  JOHN  DURNFORD  AND 
R.  HOLIDAY'S  PAPER  ON  "THE  USE  OF  ELECTRICITY 
AT  ACKTON  HALL  COLLIERY."  * 

Mr.  E.  Brown  (St.  John's  Colliery)  said  that  members  seemed  now  to 
know  the  efficiency  which  could  be  got  out  of  electrical  plant  much  better 
than  that  got  out  of  compressed  air.  He  should  like  to  suggest  that 
someone  should  isolate  a  pump  driven  by  compressed  air,  and  let  them 
know  the  efficiency  which  could  be  got  out  of  it,  as  to  which  at  present 
no  one  seemed  to  be  able  to  speak  with  authority.  Everybody  knew 
that  they  could  by  electrical  plant  get  50  per  cent,  of  efficiency  in  actual 
water  pumped  of  what  they  had  in  indicated  horse-power  in  the  steam 
cylinder  on  the  surface,  but  nobody  could  tell  them  what  they  could 
get  out  of  a  compressed-air  plant. 


DISCUSSION    UPON   MR.    F.    COULTAS'    PAPER    ON    "THE 
GEOLOGY  OF  DEEPCAR  AND  ITS  SURROUNDING  HILLS."f 

Mr.  Coultas  stated  that  there  were  a  few  corrections  to  be  made  in 
his  paper  as  printed  in  the  Transactions.  On  page  343,  the  sixth 
paragraph  should  read  : — "  The  bed  of  rocks,  which  constitutes  the  well- 
known  Wharncliffe  Crags,  overlies  the  beds  of  shales  and  binds  deposited 
upon  the  hard  coal-band ;  and  the  Loxley  Edge  rock  lies  almost 
directly  beneath  the  White  Carr  fireclay,  particulars  of  which,  and  other 
intervening  strata,  are  shown  in  Appendix  A."  In  Appendix  A,  page 
345,  "Wharncliffe  Rock"  should  read  "Loxley  Edge  Rock."  The 
following  corrections  should  be  made  in  Plate  XVIII.  of  volume  xiii.  : — 
The  dimensions  of  the  faults  lying  immediately  to  the  east  and  west  of 
Deepcar  should  be  deleted  (see  first  paragraph,  page  343),  and  the  name 
of  the  seam  at  Townend  Common  should  be  "  Gannister  or  Halifax 
hard  coal-seam." 

The  Woolf  safety-lamp,  fitted  with  magnetic-lock  and  self-igniting 
apparatus,  and  the  pneumatophore  %  (breathing  apparatus)  were  exhibited. 

*  Trans.  Fed.  Inst.,  vol.  xiii.,  page  232.  +  Ibid.,  vol.  xiii.,  page  341. 

\  Ibid.,  vol.  xii.,  page  693. 
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CHESTERFIELD   AND   MIDLAND  COUNTIES  INSTITUTION 

OF   ENGINEERS 

AND 

MIDLAND   INSTITUTE   OF   MINING,  CIVIL,  AND 
MECHANICAL   ENGINEERS. 


JOINT  MEETING, 

Held  in  the  Rooms  of  the  Literary  and  Philosophical  Society, 

Sheffield,  October  26th,  1897. 


Mr.  G.  BLAKE  WALKER  in  the  Chair. 


The    following   gentlemen  were  elected   to   the   Chesterfield   Insti- 
tution : — 

Member — 

Mr.  Bathgate  Comb,  Road  Surveyor  to  the  Derby  County  Council,  High- 
field  House,  Ashover,  Chesterfield. 

Associate  Member — 

Mr.    Arthur    Thomas    Metcalf    Johnson,    Retired    Civil    Servant,    109, 
Calabria  Road,  Highbury,  London,  N. 

Student — 
Mr.  Frederick  Howard  Briggs,  Mining  Student,  Galley  Farm,  Atherstone. 


The  following  gentlemen  were  elected  to  the  Midland  Institute  : — 

Members— 
Mr.    Harry    Wardell,    Colliery   Manager,    Featherstone    Main    Colliery, 

Wakefield. 
Mr.  Arthur  Hobsfield,  Colliery  Manager,  Hughesoffka,  South  Russia. 
Mr.  Ernest  Douglas,  General   Manager  and  Agent,  Pemberton  Colliery, 

near  Wigan. 


Mr.  T.  G.  Lees  (Clifton  Colliery,  Nottingham)  read  the  following 
paper  on  "  Internal  Corrosion  of  Wire  Ropes  "  : — 
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INTERNAL  CORROSION  OF  WIRE  ROPES. 


By  THOS.  G.  LEES. 


The  question  of  corrosion  of  wire  ropes  is  by  no  means  a  new  one, 
and  at  many  collieries  this  trouble  has  been  successfully  dealt  with,  but 
there  may  be  other  collieries  having  wet  shafts  where  the  difficulty  has 
not  yet  been  overcome.  In  explaining  the  methods  which  the  writer 
would  suggest  in  dealing  with  this  matter,  he  may  perhaps  touch  upon 
one  or  two  points  of  an  elementary  character  which  are  wellknown  and 
practised  by  many  colliery  managers.  These  remarks  may,  nevertheless, 
be  acceptable  to  those  members  who  may  not  have  given  the  subject  the 
attention  it  deserves.  At  the  same  time,  the  writer  does  not  claim  to 
teach  anything  new  or  original  respecting  the  management  of  wire  ropes, 
and  would  simply  place  before  the  members  a  short  account  of  his  ex- 
perience and  the  practice  in  dealing  with  them,  not  only  at  Clifton  colliery, 
but  at  many  collieries  and  mines  having  winding-ropes  working  in  wet 
shafts  or  exposed  to  the  action  of  steam  or  a  mixture  of  steam  and 
furnace-gases. 

The  term  "  corrosion,"  as  applied  to  wire  ropes,  will  be  understood  to 
mean  a  gradual  eating  away  of  the  substance  of  the  wire,  the  metal  being 
changed  or  converted  into  oxide  of  iron,  etc.  This  corrosion  has  some 
times  been  mistaken  for  abrasion,  but  it  is  quite  a  distinct  action  and 
cannot  reasonably  be  mistaken  for  it. 

There  are  various  stages  of  corrosion,  beginning  with  only  the 
slightest  pitting  (so  fine  as  scarcely  to  be  perceptible  to  the  naked  eye), 
which  if  disregarded  will  slowly  become  more  pronounced,  the  wire  being 
indented  and  grooved,  and  consequently  very  much  reduced  in  strength, 
and  finally  rusted  or  oxidized  throughout.  When  once  the  bright  surface 
or  skin  of  a  wire  is  pitted,  it  has  been  found  that  a  great  part  of  the 
strength  of  that  wire  has  been  lost,  and  on  testing  it  will  break  short. 
This  peculiar  action  has  in  the  past  not  been  fully  recognized,  and  in 
some  instances  the  cause  has  been  thought  to  be  due  to  the  use  of  inferior 
quality  of  wire. 

The  writer  does  not  intend  to  convey  the  idea  that  all  wire  ropes  must 
necessarily  be  corroded  under  all  circumstances,  and  these  remarks  only 
refer  to  ropes  working  under  unfavourable  conditions,  and  subject  to  the 
action  of  moisture  only,  either  as  steam  or  water,  or  it  may  be  with 
furnace-gases  in  addition. 
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The  waters  that  find  their  way  into  the  shafts  of  collieries  differ  very 
uicai lv  in  their  chemical  composition,  some  being  comparatively  harm- 
less, others  containing  elements  of  a  very  corrosive  nature,  and  the  test 
of  waters  (in  conjunction  with  the  action  of  air)  may  cause  oxidation  or 
corrosion  to  take  place,  if  allowed  to  act  upon  the  bare  wires  of  a  rope 
for  any  length  of  time. 

At  Clifton  colliery,  Nottinghamshire,  the  water  is  drawn  from  the 
sump  every  night  by  means  of  barrels  fixed  inside  the  cages.  An  analysis 
of  this  water  was  made  a  few  years  ago  by  Dr.  E.  B.  Truman,  late  analyst 
for  Nottingham,  as  follows  : — 

Per  100,000  Parts.    Grains  per  Gallon.    Per  Cent. 


Organic  carbon 

0-49 

1 

1 

,,        nitrogen 

0-061 

? 

1 

Nitrogen  :  as  nitrates  and  nitrites  . . 

0-094 

1 

? 

Ammonia          

0-002 

? 

» 

Total  nitrogen 

0-1758 

? 

? 

Chlorine            

84-700 

59-29 

0-084 

Chloride  of  sodium     ... 

140-36 

98-25 

0-140 

Total  solids      

213 

149-10 

0-213 

Permanent  hardness,  12-17. 

This  water  being  so  strongly  impregnated  with  common  salt  (nearly 
100  grains  per  gallon)  accounts,  the  writer  thinks,  for  its  action  upon 
the  ordinary  wires  of  the  ropes  used  in  years  past. 

There  are  three  points  in  a  winding-rope  where  it  has  been  found 
from  experience  that  corrosion  usually  takes  place.  The  first  is  at  the 
cap-end  of  the  rope  ;  the  second  where  the  ropes  rest  on  the  pulleys  when 
the  cages  are  at  the  top  and  bottom  of  the  pit  respectively  ;  and  the 
third  point  is  on  the  underlapping  rope  at  the  drum.  At  the  second  and 
third  of  these  points,  the  strands  of  the  ropes  are  opened  more  or  less, 
due  to  the  bending  over  the  pulleys  and  under  the  drum,  thus  allowing 
water  to  enter  more  easily  at  these  points  than  at  other  parts  of  the  rope. 
But  it  is  at  the  cap-end  that  the  wires  suffer  most,  and  this  is  probably  due 
to  the  fact  that  every  time  the  cages  settle  on  the  props  or  keeps,  at  the  pit- 
top  and  at  the  pit-bottom,  a  certain  amount  of  slack  rope  allows  freedom 
of  motion  for  the  wires  to  untwist  and  bend,  and  thus  the  strands  open 
somewhat  and  allow  the  water  to  percolate  into  the  inside  of  the  rope. 

If  all  the  failures  of  winding-ropes  could  be  ascertained,  it  would  be 
found  that  by  far  the  greater  number  occur  within  a  few  feet  of  the  cap 
from  a  variety  of  causes,  and  not  necessarily  from  corrosion  alone. 
Owing  to  many  of  the  accidents  causing  no  loss  of  life  or  personal  injury, 
official  records  are  not  obtainable.  In  the  opinion  of  the  writer,  the  only 
practical  way  of  dealing  with  this  part  of  the  rope  is  periodically  to 
cut  off  a  few  feet  and  recap  the  rope.      Special  rule  No.  105  for  this 
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district  says  that  it  shall  be  the  duty  of  the  enginewright  to  recap  the 
ropes  "  as  often  as  necessary."  This  leaves  it  to  the  discretion  of  the 
manager  and  enginewright  to  say  how  often  it  is  necessary  and  what 
interval  of  time  shall  elapse  between  successive  recappings  of  the  rope. 
Opinions  vary  as  to  this,  and  the  writer  suggests  3  or  4  months  as  being 
sufficiently  long  for  a  winding-rope  to  run  without  removing  the  cap ; 
and  in  the  case  of  sinking-ropes  the  interval  should  not  exceed  2  months. 

It  is  hardly  necessary  to  enumerate  to  colliery  managers  all  the 
advantages  which  are  attached  to  systematic  recapping  of  winding-ropes, 
but  it  would  be  well  to  mention  the  two  most  important.  Firstly,  by 
cutting  off  a  few  feet  of  the  rope,  the  condition  of  the  inside  strands  can 
be  thoroughly  examined  and  the  wires  tested,  and  if  found  to  be  in  good 
and  safe  working  order,  the  cap  may  be  put  on  again ;  secondly,  the  rope 
being  let  out  from  the  drum  to  replace  the  length  cut  off,  changes  the 
position  on  the  pulleys  where  the  greatest  strain  has  to  be  taken  at  the 
lift  out  of  the  pit-bottom. 

A  matter  of  importance  in  connexion  with  recapping  is  the  length  of 
rope  to  be  cut  off.  It  is  of  little  use  to  merely  cut  off  the  cap  and  to  put 
it  on  again,  as  unless  sufficient  length  of  rope  is  cut  off  the  various  weak 
points  previously  mentioned  are  not  changed  or  moved  forward,  as  it 
were,  but  remain  practically  in  their  original  position.  It  is  advisable 
under  ordinary  circumstances  to  cut  off  about  12  feet  from  each  rope, 
and  it  has  been  the  practice  at  Clifton  colliery  to  only  let  out  one  rope 
from  the  drum  alternately  at  each  recapping. 

The  operation  simply  is  :  One  rope,  after  being  recapped,  is  lowered 
by  the  engineman  and  attached  to  the  cage,  and  this  causes  the 
other  rope  to  be  24  feet  too  short,  so  that  it  has  to  be  let  out  from  the 
spare  rope  provided  and  kept  coiled  around  the  inside  of  the  drum. 
Thus  each  rope  is  altered  12  and  24  feet  alternately  at  each  recapping. 
Sufficient  spare  rope  is  allowed  for  in  ordering  a  new  rope  to  provide  for 
recapping,  in  addition  to  the  two  rounds  of  rope  which  must  be  left  on 
the  drum  in  accordance  with  special  rule  No.  117. 

In  sinking  shafts,  it  may  be  an  advantage  to  cut  off  a  greater  length 
than  in  ordinary  cases  of  winding-ropes,  as  the  ropes  are  subject  to  more 
bending  and  twisting  near  the  cap-end,  and  to  varying  strains  in  addition 
to  the  corrosive  action  of  the  water. 

In  order  to  preserve  the  ropes  and  to  act  as  a  lubricant,  oil  or  grease 
is  generally  used  at  most  collieries,  and  if  a  good  quality  of  lubricant  is 
used,  perfectly  free  from  acid,  the  results  may  be  satisfactory,  but  only 
under  favourable  conditions.  Should  the  ropes  be  working  in  a  wet 
shaft,  the  water  of  which  contains  anything  of  a  corrosive  nature,  it  has 
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become  generally  acknowledged  by  engineers  who  have  had  such  waters  to 
deal  with,  that  oil  or  grease,  however  carefully  applied,  will  not  keep  the 
ropes  from  being  corroded,  and  that  the  water  will  find  its  way,  after  a 
time,  to  the  inside  and  do  serious  damage  to  the  wires,  while  to  all  out- 
ward appearance  the  rope  may  be  in  good  order.  This  apparently  safe 
condition  of  the  rope  on  the  outside  has  been  the  means  of  frequently 
deceiving  the  person  making  the  inspection,  and  the  writer  is  afraid  that, 
unless  steps  are  taken  to  get  at  the  root  of  the  evil,  accidents  from 
internal  corrosion  of  wire  ropes  will  continue  to  occur  in  the  future. 

In  a  paper  read  before  the  Chesterfield  and  Midland  Counties  Insti- 
tution of  Engineers  by  Mr.  P.  M.  Chester,*  on  "  Colliery  "Winding-ropes 
and  their  Attachments,"  the  following  paragraph  appears  : — 

Greasing  frequently  is  of  great  importance :  it  prevents  corrosion,  due  to  the 
action  of  the  atmosphere  and  furnace-gases.  None  but  pure  and  well  manufactured 
grease  should  be  applied,  as  that  containing  any  acid  is  most  destructive  ;  it  should 
be  liquid,  and  carefully  forced  in  with  brushes.  The  author  has  seen  a  winding- 
rope  [with  a  hemp  centre]  which  had  been  in  a  moderately  dry  shaft,  and  greased 
every  fortnight :  when  taken  off  and  cut,  the  wires  inside  were  found  rotten,  owing 
to  the  grease  not  having  penetrated  to  the  centre. 

It  is  quite  impossible,  by  any  of  the  usual  systems  of  outward  inspection 
such  as  are  practised  at  many  collieries,  to  discover  the  condition  of  the 
rope  internally,  and  it  does  not  appear  reasonable  to  simply  rely  upon 
such  superficial  examinations  as  passing  the  rope  daily  through  the  hands. 
This  method  may  indicate  whether  there  are  any  broken  wires  on  the  out- 
side, but  cannot  reveal  the  condition  of  the  inside  of  the  rope. 

The  general  practice  of  most  rope-makers,  unless  otherwise  instructed, 
is  to  build  up  the  ropes  with  a  hempen  core,  and  this  fact,  in  many  cases 
when  working  in  a  wet  shaft,  helped  to  shorten  the  life  of  the  rope,  as  the 
hemp  absorbs  and  retains  the  moisture,  which  acts  upon  the  internal 
wires  and  causes  corrosion. 

During  the  discussion  which  followed   Mr.    Chester's   paper,  before 

referred  to,  Mr.  A.  H.  Stokes  said : — 

Then  the  author  (Mr.  Chester)  made  a  remark  that  ropes  "  were  best  made 
with  hempen  centres  only."  .  .  .  He  (Mr.  Stokes)  held  in  his  hand  a  specimen  of 
Lang's  patent  rope,  a  very  strong  rope  for  the  work  it  had  to  do,  yet  the  hempen 
core  had  so  absorbed  moisture,  that  the  inside  of  the  rope  was  so  corroded  that  it 
broke  whilst  at  work  !  He  was  not  at  liberty  to  mention  where,  but  the  manager 
was  a  gentleman  who  would  not  put  any  but  the  best  material  on.      It  broke  a 

few  yards  from  the  cap,  and  the  cage  went  to  the  bottom The  outward 

appearance  of  the  rope  was  such  as  to  deceive  all  who  examined  it,  being  very 
little  worn,  in  fact  it  was  difficult  to  detect  any  signs  of  wear,  yet  the  inside  of  the 
rope  was  eaten  away  by  corrosion  to  such  an  extent  that  it  broke  whilst  winding. 
The  rope  had  only  been  at  work  about  18  months  in  a  dry  shaft,  and  had  been 
well  and  frequently  greased.     The  cause  of  failure  was  certainly  corrosion,  f 

*  Trans.,  vol.  xiii.,  page  386.         +  Trans.  Chester.  Inst.,  vol.  xiv. ,  page  111. 
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Plain  wire  cores  have  been  substituted  for  hemp  with  very  little  better 
results ;  the  centres  have  also  been  painted  with  a  special  preparation  to 
preserve  them,  but  this  has  not  been  a  success  so  far  as  the  writer  is 
aware. 

At  No.  1  shaft  of  Clifton  colliery,  where  water  is  drawn,  flat  wire 
ropes  were  in  use  up  to  1880,  and  the  average  life  of  the  last  18  ropes 
was  only  9  months.  Owing  to  the  heavy  expense  and  short  life  of  these 
ropes,  the  manager  decided  to  change  the  drums  and  line  the  pulleys,  in 
order  to  adopt  the  use  of  round  ropes.  The  first  pair  of  ropes  were  put 
on  in  June,  1880,  4^  inches  in  circumference,  and  made  of  improved 
patent  crucible  steel  wires  with  a  hempen  core.  These  ropes  worked  1  year 
and  9  months  and  were  recapped  4  times ;  when  taken  off,  the  internal 
wires  were  found  to  be  very  seriously  corroded,  owing  to  the  hempen  core 
having  absorbed  moisture,  although  the  ropes  had  been  well  and  regularly 
greased  once  a  week.  The  condition  of  the  ropes  was  so  bad  that  the 
manager  wrote  to  the  makers  for  advice,  and  they  (as  a  result  of  similar 
experiences  gained  at  other  collieries  having  bad  water  to  contend  with) 
recommended  that  the  wires  should  be  galvanized.  A  pair  of  ropes  were 
obtained,  made  of  improved  patent  crucible  steel,  with  galvanized  wires, 
and  with  a  galvanized  wire  core  in  the  centre  of  the  rope.  By  recapping 
these  ropes  at  intervals  of  about  3  months  they  lasted  3  years,  and  were 
quite  free  from  any  corrosion  when  taken  off,  the  wires  being  clean  and 
bright  inside,  and  the  galvanizing  intact,  except  at  those  points  where  the 
wires  crossed  each  other  inside  the  strands,  and  on  the  outside  wires 
which  were  worn  bright  and  flattened  somewhat  by  rubbing  on  the  pulleys. 
Where  this  abrasion  occurred  the  grease  used  as  a  lubricant  was  sufficient 
to  keep  the  surface  of  the  wires  bright  and  clean. 

After  this  experience,  galvanized  wire  ropes  have  been  used  up  to  the 
present  time  (about  15  years)  at  both  shafts :  the  average  life  of  the  ropes 
at  the  wet  shaft  being  3  years  and  at  the  upcast  shaft  4  years ;  and  those 
now  at  work  are  the  fifth  pair  at  the  wet  shaft,  and  have  been  in  use  for 
2£  years.  The  condition  of  the  ropes  after  being  taken  off  was  so  satis- 
factory that  a  pair  of  old  ropes  are  kept  in  stock  ready  to  put  on  again 
temporarily  in  a  case  of  emergency. 

In  testing,  recently,  the  last  rope  taken  off  the  wet  shaft  (2|  years 
ago),  and  which  had  lain  on  the  pit-bank  exposed  to  the  weather,  the  writer 
found  that  the  wires,  of  No.  10  Birmingham  wire-gauge,  broke  at  a  strain 
of  2,142  pounds  or  19  J  cwts ;  in  the  torsion- test  they  broke  at  a  strain  of 
10  or  11  revolutions  in  8  inches  lengths,  and  stood  7  and  8  bends  over  an 
angle  of  180  degrees  when  fixed  in  a  vice,  and  then  broke.     These  wires 
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were  taken  from  the  cap-end,  and  the  ropes  would  no  doubt  have  been 
perfectly  safe  to  work  for  a  longer  period.  The  ropes  at  work  at  the 
present  time  were  recapped  on  July  6th,  1897,  and  the  wires  tested.  The 
breaking-strain  of  the  wires  of  No.  10  Birmingham  wire-gauge  was  found 
to  be  2,160  pounds  or  19^-  cwts ;  in  testing  for  torsion  they  broke  at  from 
1l;  to  20  revolutions  in  8  inches  lengths,  and  bent  7  times  before  breaking 
over  an  angle  of  180  degrees  when  fixed  in  a  vice. 

The  writer  has  frequently  been  asked  whether  galvanizing  does  not 
seriously  injure  the  wires,  but  his  experience  has  fully  proved  that 
practically  no  deterioration  takes  place  if  the  galvanizing  has  been 
properly  done.  Some  prejudice  has  existed  in  the  past  against  the  use  of 
galvanized  wire  for  ropes  amongst  mining  engineers,  but  it  must  have 
been  only  on  the  part  of  those  who  have  had  no  experience  in  their 
use.  The  writer  was  informed  by  a  well-known  firm  of  rope-makers  that 
it  was  as  important  that  the  galvanizing  should  be  done  carefully  and  by 
the  best  process  as  that  the  wire  itself  should  be  properly  drawn,  and  that 
in  either  process,  if  carelessly  or  improperly  done,  the  wire  might  be 
spoilt.  The  following  tests  were  made  by  the  writer  with  new  wires 
supplied  by  the  makers  of  the  winding-ropes,  the  wires  being  of  the  same 
quality  and  thickness  (improved  patent  crucible  steel,  and  No.  10 
Birmingham  wire-gauge),  but  one  portion  plain  and  the  other  galvanized  ; 
the  object  of  the  tests  being  to  find  out  what  effect,  if  any,  the  galvan- 
izing had  on  the  strength  of  the  wires.  The  ultimate  strengths  in  these 
tests  cannot  be  compared  with  those  of  the  previous  tests  mentioned,  as, 
although  of  the  same  diameter  of  wire,  the  quality  might  not  be  identical 
with  the  ropes  supplied  previously  : — 


Description 
of  Wire. 

Tor6ion  in 

8  Inches. 

Revolutions 

Plain 

24 

>,        ...            ...            . 

32 

J, 

25 

))        ■• .            ... 

33 

)>         ...              ... 

23 

J)        • ■ •             ...             . 

27 

Mean  ... 

27 

Galvanized    ... 

26 

}} 

24 

,, 

29 

>>             ...         . 

24 

>> 

23 

,, 

27 

Breaking 

Strain. 

Pounds. 

2,310 
2,200 
2,366 
2,086 
2,190 
2,142 

2,215 
2,142 
2,048 
2,240 
2,360 
2,254 
2,086 


Bends  at  Right 

Angles  over  180  Degs. 

Bends. 


Mean  ... 


25 


2,178 
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It  will  be  seen  from  the  foregoing  table  that  the  falling  off  in  strength 
in  the  galvanized  wire  is  so  slight  as  to  be  practically  of  little  importance, 
and  no  uneasiness  need  be  felt  on  that  score  when  ordering  a  galvanized 
rope. 

As  stated  previously,  no  credit  is  claimed  by  the  manager  of  Clifton 
colliery  in  any  way  for  the  results  obtained  by  using  galvanized  wire 
ropes,  as  such  ropes  have  been  in  use  for  the  last  20  years  at  several 
collieries  ;  but  the  writer  has  frequently  conversed  with  colliery  managers 
and  others  who  were  unaware  of  the  fact  that  winding-ropes  could  safely 
be  galvanized,  and  were  surprised  that  such  good  results  could  be 
obtained.  It  would  therefore  be  very  interesting  to  know  the  opinions 
of  other  members  who  have  had  experience  with  such  ropes. 

In  the  case  of  winding-ropes,  upon  which  the  lives  of  so  many  men 
and  boys  daily  depend,  it  is  of  the  utmost  importance  that  every 
precaution  should  be  taken  to  prevent  any  mishap.  It  is  not  sufficient 
that  a  rope  shall  be  of  the  best  material,  unless  adequate  means  are  taken 
to  keep  it  in  safe  working  order.  As  the  writer  has  mentioned  previously, 
oil  and  grease  may  be,  and  are,  in  many  cases  quite  sufficient  when 
properly  applied,  particularly  when  the  ropes  are  first  put  on,  to  prevent 
any  serious  mischief  from  corrosion  ;  but  if  water  has  to  be  contended 
with,  especially  bad  water,  the  writer  has  found  that  oil  is  of  very  little 
use  in  preventing  corrosion. 

The  question  of  cost  ought  not  to  stand  in  the  way  of  employing  the 
best  winding-ropes  procurable  for  use  in  winding-shafts,  and  the  first  cost 
of  a  rope,  even  if  a  trifle  higher,  is  of  small  moment,  if  extra  security  and 
a  longer  life  be  gained  by  the  use  of  such  a  rope.  In  fact,  the  writer 
believes  that  it  is  more  economical  to  pay  the  cost  of  galvanizing  the 
wires  of  ropes  working  under  ordinary  conditions.  The  extra  cost  of 
galvanizing  a  winding-rope  4£  inches  in  circumference  is  about  5s.  per 
cwt.  The  writer's  meaning  will  be  made  clear  from  the  following 
example  : — Suppose  a  crucible-steel  wire  rope,  500  yards  long,  4£  inches 
in  circumference,  weighing  about  45  cwts.,  and  costing  35s.  per  cwt., 
made  of  plain  wires,  the  total  cost  will  be  £78  15s.,  and  the  rope  will 
probably  last  2  years,  thus  costing  £39  7s.  6d.  per  year  ;  a  galvanized 
wire  rope  of  the  same  strength  at  40s.  per  cwt.  will  cost  £90,  and  may 
safely  be  assumed  to  last  6  months  longer  than  the  rope  with  plain  wires, 
and  would  in  such  case  cost  £36  per  annum,  showing  a  saving  of 
£3  7s.  6d.  per  annum,  or  £8  8s.  9d.  per  rope.  This  is  a  very  low 
estimate  as  to  the  economy  of  using  galvanized  wire  ropes,  as  their  life 
might  be  lengthened  50  per  cent,  and  upwards. 
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The  following  is  Mr.  J.  L.  Hedley's  account  of  a  fatal  accident  due 
to  a  winding-rope  breaking  through  corrosion  : — 

On  the  23rd  October,  a  fatal  accident  occurred  to  Wm.  Graham,  joiner  at  the 
Buckhill  colliery,  Cumberland,  under  the  following  circumstances  : — He  was 
engaged  in  the  pumping-shaft  looking  for  a  leakage  in  a  column  of  water-pipes, 
and  had  been  slowly  raised  for  a  distance  of  about  14  fathoms,  when  the  rope 
suddenly  broke,  and  he  was  precipitated  to  the  bottom,  and  instantly  killed. 
There  was  no  evidence  to  show  that  the  cage  in  which  the  deceased  was  riding  had 
met  with  any  obstruction  in  the  shaft,  but  an  inspection  of  the  rope  showed  that 
at  the  point  of  fracture  it  was  corroded  completely  through,  a  fact  not  to  be  won- 
dered at  when  the  history  of  the  rope  was  told  at  the  inquest. 

The  rope  was  of  steel  wire,  1  inch  in  diameter,  and  had  been  in  use  for  about 
5  years.  It  was  at  first  used  for  raising  coals  from  the  bottom  to  an  "  eye"  19 
fathoms  up  the  shaft,  beyond  which  the  cage  did  not  pass  ;  but  when,  3  years 
ago,  coal-winding  ceased  it  was  left  hanging  in  the  shaft,  not  only  to  enable  the 
joiner  to  examine  the  pumps,  but  to  raise  the  men  in  case  of  an  accident  at  the 
other  shaft.  During  these  3  years  the  rope  had  never  been  properly  examined,  nor 
had  it  been  oiled  or  greased  ;  although  on  the  16th  March  the  whole  of  the  rope  was 
on  the  drum.  On  that  occasion  the  engineer,  who  had  been  in  charge  of  the 
machinery  for  10  months,  examined  the  rope  for  broken  wires  as  it  was  lowered 
down  the  pit,  but  failed  to  detect  any.  Whether  this  rope  was  one  which  could 
be  said  to  be  in  actual  use,  and  which  consequently  should  have  been  examined 
every  24  hours,  or  not,  it  is  certain  that  common  prudence  should  have  dictated  to 
any  manager  or  engineer  the  necessity,  when  men's  lives  depend  upon  a  rope,  of 
making  periodical  inspections,  and  especially  where  a  shaft  is  wet  of  taking  every 
care  to  protect  it  from  injury 

It  is  only  fair  to  state  that  tests  were  made  in  my  presence  with  some  of  the 
wires  taken  from  what  I  considered  to  be  the  worst  part  of  the  broken  rope,  with 
the  result  that  its  original  estimated  breaking -strain  of  17  tons  was  shown  to  have 
been  reduced  to  one  of  10  tons  ;  and  further  that,  as  far  as  I  could  ascertain,  the 
excessive  corrosion  was  confined  to  the  point  of  fracture,  which,  as  the  rope  usually 
hung  in  the  shaft,  would  be  in  the  open  air  about  7  feet  below  the  pulley.  * 

The  foregoing  description  requires  no  comment  from  the  writer,  but 
he  would  suggest  that  had  galvanized  wires  been  used  in  the  rope 
mentioned  the  accident  would  in  all  probability  not  have  happened. 

Hauling-ropes  may  be  galvanized  with  advantage,  as  many  colliery 
managers  can  testify  who  have  used  them,  especially  where  the  roadways 
are  wet,  but  even  where  the  roads  are  dry  it  is  found  that  the  ropes  have 
fewer  broken  wires  and  last  longer.  It  is  also  an  important  matter  to 
have  a  wire  core  in  haulage-ropes  working  on  the  endless-rope  system  for 
two  reasons  : — When  a  new  rope  is  put  on  with  a  hempen  core,  if  the  load 
is  a  heavy  one,  great  trouble  is  experienced  by  the  rope  stretching  and 
thus  lessening  in  diameter,  so  that  slipping  takes  place  when  certain 
classes  of  clips  are  used  for  attaching  the  trams  or  tubs  to  the  rope. 

*  Report  of  J.  L.  Hedley,  Esq.,  H.M.  Inspector  of  Mines  for  the  Newcastle 
District  for  the  Year  1894,  page  9. 
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With  a  wire  core  the  rope  maintains  its  original  diameter,  the  lengthening 
of  the  rope  is  very  much  less,  and  there  is  very  little  trouble  caused  by 
the  clips  slipping. 

In  using  wire  conductors  for  shafts,  subject  to  water,  steam,  or  hot 
gases,  it  is  well  worth  considering  whether  it  would  not  be  economical  to 
galvanize  them,  and  the  writer  may  mention  that  they  have  been  adopted 
with  every  satisfaction  at  Clifton  colliery. 

In  conclusion,  the  writer  suggests  that  as  the  corrosion  of  wire  ropes 
is  a  most  important  subject,  the  question  of  how  best  to  keep  winding- 
ropes  in  the  safest  condition  for  raising  and  lowering  workmen  often 
from  great  depths  should  be  seriously  studied,  and  if  one  method  be 
found  to  be  better  than  another,  it  should  be  made  known  to  those  who 
have  not  practised  that  method  in  the  past. 


Mr.  M.  H.  Mills  (Mansfield)  said  that  the  safety  of  their  ropes  was 
one  of  the  most  important  considerations  to  be  borne  in  mind  by  colliery 
engineers.  Everyone  had  had  difficulties,  and  many  had  had  ropes 
running  for  a  considerable  time,  and  found  the  ropes  perfectly  good 
when  they  had  been  cut  and  re-capped.  No  doubt  Mr.  Lees  was  right 
in  advising  constant  re- capping  of  the  ropes,  though  it  was  questionable 
whether  the  length  recommended  to  be  cut  off  and  the  frequency  of 
re-capping  were  not  both  rather  more  than  was  necessary.  The  use  of 
galvanized  wire  was,  to  his  mind,  an  advantage  for  winding-ropes,  but 
he  was  doubtful  as  to  the  use  of  solid  core  for  haulage-ropes — whether 
it  would  be  sufficiently  pliant  to  go  round  sharp  curves. 

Mr.  A.  H.  Stokes  (H.M.  Inspector,  of  Mines,  Derby)  observed  that 
Mr.  Lees'  paper  opened  up  a  very  important  subject  in  colliery  manage- 
ment. He  would  like  to  ask  whether  the  elasticity  of  the  material  used 
for  galvanizing  was  equal  to  the  elasticity  of  the  wires  composing  the 
rope,  and,  if  not,  whether  there  would  not  be  an  unequal  strain.  If  the 
galvanized  coating  cracked,  water  would  get  through  and  attack  the  steel 
wire,  and  the  constant  bending  of  the  wires  over  the  pulley-wheel  would 
have  a  tendency  to  produce  cracks  in  the  material  used  for  galvanizing. 
He  would  suggest  that,  before  the  statement  was  accepted  that  a 
galvanized  rope  was  better  than  an  ordinary  wire  rope,  some  tests  should 
be  made  as  to  what  would  be  the  effect  of  bad  water  upon  ropes  that 
had  undergone  the  galvanizing  process,  both  as  regarded  tension  and 
twisting. 
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The  re- capping  of  winding-ropes  was  a  subject  deserving  serious 
consideration.  Mr.  Lees  stated  that  he  would  cut  off  a  few  feet — how 
many  feet  ?  When  the  rope  stood  on  the  pulley- wheel  with  a  load 
attached,  the  strands  resting  on  the  tread  of  the  wheel  had  a  tendency 
to  open,  but  directly  they  were  relieved  of  the  load  the  strands  had  a 
tendency  to  close,  and  such  continuous  opening  and  closing  in  wet 
weather  would  squeeze  water  in  or  grease  out,  and  vice  versa.  If  a  few 
feet  only  of  the  rope  were  cut  off  when  re-capping,  the  place  which  had 
been  undergoing  the  deterioration  on  the  pulley-wheel  was  then  removed 
forward  between  the  pulley-wheel  and  the  top  of  the  shaft.  Winding 
was  resumed  for,  say,  another  four  months,  and  re-capping  again 
took  place  ;  but  the  part  of  the  rope  which  was  first  resting  on 
the  pulley-wheel  was  not  cut  out,  and  thus  the  rope  might  be 
re-capped  a  number  of  times  before  the  places  most  liable  to  internal 
corrosion  had  been  removed,  and  probably,  if  the  head-gear  were  high, 
a  number  of  such  places  existed  in  the  length  of  rope  between  the 
pulley-wheel  and  the  cage.  Care  should  be  taken  that  such  places  should 
be  removed  by  cutting  off  sufficient  rope  when  re-capping.  The  questions 
raised  by  Mr.  Lees  should  be  very  carefully  discussed  by  the  members. 
There  were  a  great  many  lives  daily  depending  upon  winding-ropes,  and 
the  failures  in  ropes  necessitated  a  consideration  of  the  reasons.  He  had 
investigated  a  great  many  cases  of  broken  winding-ropes,  but  he  did 
not  remember  ever  finding  one  that  had  broken  by  being  worn  out. 
No  engine-wright  would  certify  that  a  rope  was  in  good  order  if  there 
were  a  large  number  of  broken  wires  or  appreciable  wearing. 

Breakages  were  generally  due  to  internal  corrosion,  which  could  not  be 
seen  nor  detected,  and  the  question  was  suggested  as  to  how  long  the  rope 
should  remain  in  use.  Some  managers  made  a  rule  to  renew  at  the  end  of 
2  or  2J  years.  They  said — "  Take  it  off  then  whether  it  is  safe  or  not." 
He  might  express  one  opinion  upon  this :  a  rope  that  was  working  daily, 
drawing  thousands  of  tons  of  coal  per  month,  did  not  owe  them  much 
at  the  end  of  2  years.  He  thought  that  a  time-limit  was  a  very  impor- 
tant suggestion  and  should  receive  the  attention  of  the  members. 

Mr.  L.  T.  O'Shea  (Sheffield)  said  that  Mr.  Stokes  had  asked  an 
important  question  as  to  galvanized  wire  rope  and  its  property  of  resist- 
ing the  corroding  action  of  water.  Mr.  Stokes  said  that  it  was  possible 
that  the  galvanized  coating  might  crack  under  the  varying  strains  to 
which  the  rope  was  put.  If  it  did  so,  the  corrosion  which  took  place 
in  galvanized  wire,  where  the  iron  was  exposed  by  the  galvanizing 
material   cracking  off,  would  be  greater  and  more  rapid  than  in  un- 
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galvanized  wire,  owing  to  the  fact  that  electric  action  was  set  up  between 
the  two  metals.  If  galvanized  wire  was  used  for  constructing  winding- 
ropes,  the  rapid  corrosion  which  would  take  place  under  the  above 
conditions  would  form  a  great  source  of  danger. 

Mr.  H.  B.  Nash  (Barnsley)  remarked  that  Mr.  Stokes,  in  his  investi- 
gations of  a  number  of  cases  of  broken  winding-ropes,  stated  that  the 
greater  number  of  breakages  had  occurred  near  the  capping  and  the 
pulley-wheel,  which  were  the  most  dangerous  parts  and  the  weakest 
parts  of  the  rope  after  re-capping.  One  naturally  expected  that  the  part 
of  the  rope  nearer  the  drum  and  nearest  the  capping  would  prove  the 
weakest— as  the  greatest  strain  was  put  upon  these  parts  when  starting 
winding.  He  (Mr.  Nash)  could  not  follow  Mr.  Stokes'  line  of  reasoning,  as 
to  that  particular  part  of  the  rope  giving  way  owing  to  an  insufficient 
length  of  rope  having  been  cut  off  when  re-capping.  His  experience  had 
not  led  him  to  that  conclusion,  but,  of  course,  it  had  not  extended  over 
so  long  a  period,  nor  in  such  a  variety  of  cases  as  Mr.  Stokes'. 

Mr.  Stokes  said  that,  in  his  experience,  by  far  the  largest  number 
of  broken  winding-ropes  had  broken  between  the  cap  and  the  drum,  and 
were  frequently  within  a  short  distance  of  the  cap.  One  other  point  that 
he  had  omitted  to  mention  might  illustrate  his  opinion.  Taking  a  rope 
that  went  over  the  pulley  and  under  the  drum,  it  stood  night  after  night 
probably  with  the  cage  at  the  top  or  at  the  bottom  of  the  shaft,  and 
water  would  be  trickling  down  the  rope  in  small  quantities,  until  at  the 
point  where  it  touched  the  circle  of  the  drum,  a  considerable  amount  of 
moisture  would  be  accumulated— to  the  detriment  of  the  rope.  In  cutting 
off  the  cap,  one  of  these  places  might  pass  on  to  the  top  of  the  pulley, 
and  this  constituted  a  second  danger. 

Further  discussion  was  adjourned. 


Mr.  L.  T.  O'Shea  read  the  following  "Report  on  an  Explosives 

Testing-station  "  : — 
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REPORT  ON  AN  EXPLOSIVES  TESTING-STATION. 

The  Joint  Committee  appointed  by  the  Chesterfield  and  Midland 
Counties  Institution  of  Engineers  and  the  Midland  Institute  of  Mining, 
Civil,  and  Mechanical  Engineers  have  considered  the  form  of  station 
suitable  for  testing  mining  explosives,  and  while  taking  the  gallery  at 
the  Consolidation  colliery,*  near  Schalke,  in  Westphalia,  as  a  pattern,  it 
recommends  the  erection  of  one  in  which  many  modifications  have  been 
introduced,  so  that  the  conditions  under  which  explosives  can  be  tested 
may  be  extended  beyond  what  has  hitherto  been  possible. 

The  considerations  which  have  influenced  the  Joint  Committee  in 
recommending  the  station  described  below  are  as  follows : — In  the  first 
place,  it  considers  that  it  would  be  useless  to  recommend  the  institutions  to 
erect  a  station  in  which  experiments  can  only  be  conducted  on  the  same 
lines  as  those  followed  in  existing  stations  ;  and,  in  the  second  place,  it 
considers  it  is  most  desirable  that  the  experiments  should  be  conducted  on 
a  scale  which  will  command  the  confidence  of  mining  engineers. 

The  stations  at  present  existing  can  only  be  used  for  testing  explosives 
in  still  atmospheres  and  in  absence  of  props.  The  form  now  recom- 
mended will  allow  the  experiments  to  be  extended  so  as  to  test  the  effect 
of  the  ventilating  current  and  of  the  presence  of  props,  and  so  more 
closely  approximate  the  conditions  of  shot-firing  in  a  mine. 

In  this  proposed  station  it  will  be  possible  to  test  explosives  under  the 
following  conditions  : — (1)  In  gaseous  atmospheres  ;  (2)  in  still  dusty 
atmospheres  with  or  without  gas  ;  (3)  in  dusty  atmospheres  without  gas 
in  a  ventilating  current,  concurrent  with  or  opposed  to  the  direction  of 
the  shot-firing  ;  and  (4)  in  presence  or  absence  of  props. 

The  scale  on  which  experiments  can  be  carried  out  depends  on  the 
size  of  the  gallery  and  the  dimensions  of  the  cannon.  The  diameter  of 
the  proposed  gallery  is  fixed  at  8  feet,  with  a  cross  section  of  50£  square 
feet,  whilst  the  cannon  will  allow  charges  of  18  to  20  ounces  to  be  fired. 
It  will  therefore  be  possible  to  fire  shots  of  a  similar  weight  to  those  used 
in  actual  work,  which,  in  the  Joint  Committee's  opinion,  is  most  essential 
in  such  experiments. 

The  following  is  a  general  description  of  the  proposed  station,  consist- 
ing of  an  explosion-gallery,  a  machine-house,  and  an  observation- 
house  : — 


*  Trans,  Fed*  Inst.,  vol.  ix.,  page  250,  and  Plate  XVI. 
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The  Gallery. — The  gallery  G  consists  of  a  circular  tube  8  feet  in 
diameter  and  120  feet  long,  open  at  one  end  and  closed  at  the  other  with 
a  solid  block  of  masonry  Ma  12  feet  high,  12  feet  wide  and  10  feet  long, 
in  which  two  cannons  0,  C  are  bedded  (Figs.  1,  2,  3,  and  4,  Plate  XXL). 
The  gallery  is  provided  with  16  sight-holes  S  for  observation  of  flames, 
those  near  the  closed  end  being  3  feet  and  the  others  6  feet  apart. 

Along  the  top  of  the  gallery  are  seven  safety-valves  V  for  relieving  the 
pressure  of  an  explosion.  An  explosion-chamber  Ex  for  holding  gaseous 
atmospheres  is  made  by  fixing  a  paper  diaphragm  PD  at  a  distance  of  16 
feet  from  the  closed  end,  giving  a  capacity  of  800  cubic  feet. 

On  the  sides  of  the  gallery  are  bolted  seven  sets  of  special  angle-irons  P 
(Figs.  5,  6,  7,  and  8,  Plate  XXII.),  to  which  props  and  crossbars  can  be 
bolted.  The  distance  between  the  sets  of  timber  is  3  feet,  four  sets  are 
placed  in  the  explosion-chamber,  and  three  sets  in  the  gallery  beyond. 

For  the  purpose  of  drying  the  explosion-chamber  or  raising  the 
temperature  of  the  atmosphere,  a  steam-pipe  SP  runs  along  both  sides  of 
the  chamber  and  across  the  end  nearest  the  diaphragm. 

The  explosion -chamber  is  connected  with  a  fan  by  means  of  iron 
pipes  CP  (6  inches  in  diameter),  for  the  purpose  of  circulating  the  gas 
and  air  and  obtaining  uniform  mixtures.  One  pipe  joins  the  gallery  at 
the  top  near  to  the  closed  end,  and  the  other  at  the  bottom  near  to  the 
diaphragm,  both  pipes  being  fitted  with  taps.  The  gas  enters  by  a  pipe 
GP,  and  the  displaced  air  escapes  by  the  pipe  EP  (Fig.  6,  Plate  XXII.). 

Two  cannons  6,  C  are  provided,  one  arranged  so  that  the  line  of  fire 
can  be  observed  from  the  sight-holes.  The  other  is  placed  at  the  bottom 
of  the  masonry-block.  The  cannons  consist  of  cylinders  of  forged  mild 
steel,  4  feet  long  and  2  feet  2  inches  in  diameter,  having  holes  3  feet  long 
and  2  inches  in  diameter  drilled  along  their  axes.  The  cannons  are  in- 
clined so  that  their  axes  produced  meet  at  a  point  60  feet  from  the  closed 
end.  They  are  backed  with  sheet  india-rubber  1  inch  thick,  and  2  inches 
of  willow  wood. 

To  produce  the  ventilating  current,  two  holes  BP  2  feet  in  diameter 
run  through  the  masonry-block.  These  can  be  closed  on  the  inside  of  the 
gallery  by  hinged  doors,  which  can  be  firmly  fastened  against  indiarubber 
packing,  by  means  of  chains  and  screws  which  pass  through  doors  at  the 
other  .end  of  the  tubes,  and  can  be  fastened  with  nuts.  By  this  arrange- 
ment the  doors  can  be  opened  and  closed  without  entering  the  gallery, 
and  a  perfectly  air-tight  joint  made.  These  tubes  are  connected  with  the 
fan  by  means  of  a  box  or  trough  T7,  which  is  lightly  covered  with  wooden 
lids  to  break  the  force  of  any  explosion  that  may  travel  in  the  direction 
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of  the  fan.  The  gallery  is  sunk  in  the  ground  for  a  depth  of  4  feet,  and 
the  side  opposite  to  the  sight-holes  is  banked  up  with  soil  for  a  further 
8  feet. 

Marliinc-house. — The  machine-house  is  placed  at  a  distance  of  30  feet 
from  the  gallery,  but  in  Fig.  5  (Plate  XXII.)  is  shown  as  adjoining,  so 
as  to  economize  space.  It  consists  of  a  wooden  shed,  14  feet  long  by  12 
feet  wide,  with  a  slate  roof.  It  contains  a  Schiele  or  Capell  fan  F,  40 
inches  in  diameter,  and  capable  of  passing  17,000  to  20,000  cubic  feet  of 
air  per  minute  at  1,000  revolutions.  This  fan  is  driven  by  a  horizontal 
engine  E,  with  a  cylinder  11 J  inches  in  diameter  and  20  inches  stroke 
from  a  counter-shaft  CS.  The  fan  is  connected  with  the  box  or  trough 
7\  and  a  series  of  valves  are  arranged  so  that  it  may  be  used  as  a  blowing 
or  exhausting-fan.  Valves  are  also  introduced  to  allow  the  box  or  trough 
to  be  cut  off,  so  that  the  fan  can  be  used  *to  circulate  the  air  and  gas  in 
the  explosion-chamber. 

The  gas  is  delivered  from  a  telescopic  gasometer  Mf  4  feet  in  diameter 
and  5  feet  high,  with  a  capacity  of  96  cubic  feet  or*  12  per  cent,  of  the 
capacity  of  the  explosion-chamber.  The  gas  enters  the  gasometer  through 
a  gas-meter. 

Observation-house. — This  house  is  situated  at  a  distance  of  30  feet 
from  the  gallery.  It  consists  of  a  wooden  shed,  16  feet  long  by  12  feet 
wide,  with  a  slate  roof.  It  is  divided  longitudinally  by  a  partition,  4  feet 
from  the  side  facing  the  gallery,  so  that  a  dark-room  is  formed  from 
which  observations  can  be  made  through  a  slit  running  the  length  of 
the  building  and  placed  at  such  a  height  from  the  floor  that  the  line  of 
sight  intersects  the  line  of  fire  of  the  upper  cannon  (Fig.  4,  Plate  XXI.). 
The  other  division  of  the  observation-house  is  fitted  with  bench,  cupboards, 
shelves,  etc.,  and  forms  a  laboratory  for  making  tests  of  the  gaseous 
mixtures,  etc.,  on  the  spot,  when  necessary. 

A  small  shed,  6  feet  long  and  4  feet  wide,  adjoining  the  observation- 
house,  is  fitted  with  table  and  pigeon-holes.  It  should  be  licensed  as  a 
store  for  explosives,  and  is  intended  as  a  house  for  keeping  the  daily 
supply  of  explosives  when  experiments  are  being  carried  on,  and  as  a 
house  for  weighing  up  the  charges.  It  is  not  proposed  to  use  this  as  a 
magazine,  as  it  is  hoped  that  permission  will  be  granted  to  use  the 
magazine  of  the  colliery  in  the  neighbourhood  of  which  the  station  is 
erected.     If  this  be  not  possible,  a  magazine  would  have  to  be  built. 

Cost  of  Station. — Two  estimates  have  been  made  of  the  cost  of  erecting 
the  station,  one  for  a  steel  gallery  and  the  other  for  a  wooden  gallery. 
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The  Joint  Committee  think  that  a  wooden  gallery  offers  greater  advantages 
than  a  steel  one  : — Firstly,  because  it  is  cheaper  ;  and  secondly,  because 
modifications  and  alterations  can  be  made  so  much  more  easily.  The 
wooden  gallery  is  built  on  circular  angle-iron  hoops,  covered  with  three 
layers  of  pitch-pine  boards  1  inch  thick. 

The  cost  of  erecting  a  station  having  a  steel  gallery  is  £1,340,  exclu- 
sive of  steam-pipes,  gas-pipes,  and  water-pipes,  and  inclusive  of  labour. 

The  cost  of  erecting  a  station  having  a  wooden  gallery  is  £1,050, 
exclusive  of  steam-pipes,  gas-pipes,  and  water-pipes,  and  inclusive  of 
labour. 

It  is  impossible  to  estimate  the  cost  of  pipes  for  conveying  steam, 
gas,  and  water  to  the  gallery,  as  the  length  of  piping  will  depend  on  the 
site  chosen. 

The  above  estimates  are  made  for  new  machinery  and  material,  and 
consequently  the  cost  may  *be  reduced  by  purchasing  second-hand 
machinery  ;  but,  as  the  price  of  this  varies,  it  was  thought  better  to 
estimate  for  new  machinery,  especially  as  it  gives  some  idea  of  the 
approximate  maximum  cost.  The  cost  would  be  further  reduced,  if 
machinery  was  lent  or  presented  by  those  interested  in  the  testing  of 
explosives. 

The  area  required  for  such  a  station  is  about  210  feet  by  75  feet,  and 
should  be  fenced  in  to  prevent  trespassing.  The  cost  of  fencing  is 
included  in  the  estimate. 

In  addition  to  the  cost  of  erecting  the  station,  funds  would  be  necessary 
for  carrying  out  experiments,  including  cost  of  explosives,  gas,  water, 
and  steam,  and  the  wages  of  two  or  [three  workmen  to  assist  the  engineers 
appointed  to  carry Jout  the  experiments. 


Mr.  L.  T.  O'Shea  read  the  following  "  Memorandum  on  the  Proposed 
Station  for  Testing  Explosives  at  Woolwich  "  : — 
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MEMORANDUM  OX  THE  PROPOSED  STATION  FOR  TESTING 
EXPLOSIVES  AT  WOOLWICH. 

The  Joint  Committee  of  the  Chesterfield  and  Midland  Counties 
Institution  of  Engineers  and  the  Midland  Institute  of  Mining,  Civil, 
and  Mechanical  Engineers,  having  considered  what  form  of  gallery  is 
desirable  for  the  testing  of  explosives  for  mining  purposes,  and  having 
had  before  them  the  plans  of  the  proposed  gallery  at  Woolwich,*  desire  to 
call  the  attention  of  the  Council  to  the  following  points,  based  on  a 
comparison  between  the  new  gallery  at  Woolwich  and  that  at  the  Consoli- 
dation colliery,  Schalke,  Prussia.! 

The  Committee  is  of  opinion  that  any  station  erected  for  testing 
mining  explosives  should  fulfil  the  following  conditions  in  order  that  the 
results  may  have  practical  value  : — 

(1)  It  should  be  possible  to  fire  charges  as  large  as  18  or  20  ounces 
of  any  explosive,  if  necessary. 

(2)  The  area  of  the  cross  section  of  the  gallery  should  bear  some 
reasonable  proportion  to  that  of  the  roadway  in  a  mine,  and  in  no  case 
be  less  than  25 J  square  feet,  which  is  equivalent  to  a  circular  tube  6  feet 
in  diameter. 

(3)  It  should  be  so  constructed  that  it  may  be  possible  to  carry  out 
experiments  to  investigate  the  following  points  : — 

(ft)  The  effect  of  the  ventilating  current. 

(b)  The  effect  of  reducing  the  areas  by  the  introduction  of  props. 

(c)  The  influence  of  wet  spaces  in  stopping  explosions  of  dust. 

(1)  It  is  desirable  to  be  able  to  fire  charges  up  to  18  or  20  ounces. 
The  experiments  of  Herr  Bergassessor  Winkhaust  show  that  there  is  a 
certain  maximum  weight  of  any  explosive  that  can,  under  given  con- 
ditions, be  fired  with  safety.  This  is  also  the  experience  of  two  members 
of  the  Committee,  who  have  had  the  opportunity  of  testing  certain  safety- 
explosives.  Consequently,  the  dimensions  of  the  cannon  should  be  such 
that,  if  necessary,  the  weight  of  the  charge  can  be  increased  to  determine 
whether  ignition  of  dust  or  gas  can  be  effected  by  charges  that  are 
commonly  used  in  actual  working.  How  far  this  is  possible  with  the 
cannon  proposed  for  the  Woolwich  station  it  is  impossible  to  say,  as  no 
details  of  its  dimensions  are  given.  In  drawing  the  Council's  attention 
to  this  point,  the  Committee  would  refer  to  the  remarks  of  Mr.  Hall, 
H.M.  inspector  of  mines,  on  the  Report  of  the  Explosives  Committee  of 

*  Trans.  Fed.  Inst.,  vol.  xiii.,  page  612. 

+  Ibid.,  vol.  xii.,  page  32  ;  and  Gliickauf,  1896.  vol.  xxxii.,  page  425. 
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the  North  of  England  Institute  of  Mining  and  Mechanical  Engineers: — * 
"  In  these  experiments,  very  small  charges  of  explosives  were  used  ; 
possibly  if  larger  charges  had  been  used — charges  such  as  would  be 
used  underground  in  firing  shots — some  of  the  results  might  have  been 
different,  for  he  believed  it  was  admitted  that  even  flame  of  a  fixed 
temperature,  if  applied  in  large  volume,  would  sometimes  ignite  a  gaseous 
mixture  which  a  small  volume  would  not  ignite.  He  thought  it  most 
desirable  that,  in  future,  experiments  on  this  point  should  be  taken 
into  consideration,  and  that,  instead  of  dealing  with  an  ounce  of  the 
explosive,  they  should  deal  with  the  usual  charges  used  underground." 

(2)  The  area  of  the  cross  section  of  the  gallery  should  bear  some 
reasonable  proportion  to  that  of  the  roadway  of  a  mine.  Although  it 
may  not  be  practicable  to  erect  a  gallery  whose  cross  section  is  equal  to 
that  of  a  main  roadway,  yet  the  Committee  are  of  opinion  that  its  area 
should  not  be  less  than  that  of  a  circular  tube  6  feet  in  diameter.  This 
opinion  is  based  on  that  expressed  by  Mr.  Winkhaus  to  two  members  of 
the  Committee,  who,  in  1896,  visited  the  Schalke  station,  with  the 
express  object  of  obtaining  information  on  the  most  desirable  form  of 
gallery.  They  specially  questioned  him  on  the  subject  of  the  dimensions 
of  a  gallery,  and  he  stated  that  his  experience  led  him  to  the  conclusion 
that  there  is  some  connexion  between  the  area  of  cross  section  of  the 
gallery  and  the  relative  safety  of  an  explosive.  In  the  gallery  at 
Schalke,  which  is  oval  in  shape  and  measures  through  its  centre  6  feet  by 
4 1  feet,  it  is  possible  to  obtain  ignition  with  smaller  weights  of  charges 
than  in  the  similar  gallery  at  Saarbruck,  which  measures  through  its 
centre  5^  by  3|  feet.  In  the  face  of  such  an  opinion,  the  Committee 
feel  that  experiments  carried  out  in  a  gallery  only  2J  feet  in  diameter 
can  only  lead  to  inconclusive  results. 

(3)  It  shonld  be  possible  to  extend  the  experiments.  The  effects  of 
the  ventilating  current  and  of  reducing  the  area  of  the  gallery  by  the 
erection  of  props  have  not  yet  been  tested,  so  far  as  the  Committee  is 
aware ;  and  it  is  of  opinion  that  if  provision  were  made  to  enable  these 
points  to  be  investigated,  not  only  would  valuable  information  be  forth- 
coming, but  a  further  step  would  be  taken  towards  approaching  the 
conditions  of  actual  working.  The  Committee  is  aware  how  far  the 
conditions  of  experiment  fall  short  of  those  of  actual  working,  but  feels 
that  every  effort  should  be  made  to  approach  the  latter  as  closely  as 
possible,  and  it  regrets  that  no  means  should  have  been  proposed  for 

*  Trans.  Fed.  Inst.,  vol.  viii. ,  page  229. 
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realizing  these  conditions.  Another  question  for  investigation  is  the 
effect  of  wet  spaces  in  stopping  dust  explosions,  and  the  Committee  feel 
that  a  gallery  25  feet  long  cannot  be  used  to  obtain  information  on  this 
important  question. 

In  two  other  respects  the  Committee  is  of  opinion  that  the  gallery  is 
capable  of  improvement. 

(1)  In  the  means  proposed  for  testing  explosives  in  dusty  atmo- 
spheres. The  firing  of  shots  from  a  vertical  cannon  into  a  dusty 
atmosphere  does  not  realize  the  conditions  of  shot-firing  in  mines.  The 
conditions  of  experiment  are  much  more  severe,  for  dust  is  sure  to  fall 
into  the  shot-hole  and  increase  the  danger  of  ignition — such  severity  is 
unnecessary  and  hardly  fair  to  the  manufacturer. 

(2)  The  position  of  the  gasometer  with  respect  to  the  fan  and  the 
gas-pipe  leading  to  the  gallery  is  such  that,  so  far  as  can  be  gathered 
from  the  drawing,  the  gas  and  air  during  the  process  of  mixing  have  to 
pass  through  the  gasometer,  and  virtually  the  gasometer  becomes  part  of 
the  gallery.  This  appears  to  the  Committee  to  be  a  disadvantage,  as  the 
capacity  of  the  gasholder  has  to  be  taken  into  account  in  making  a 
definite  mixture  of  gas  and  air,  and  also  because  after  the  mixture  has  been 
made  an  explosive  atmosphere  must  exist  in  the  gasometer.  Although 
this  does  not  affect  the  conditions  of  the  experiment,  still  it  could  have 
been  avoided  by  placing  the  gasometer  beyond  the  pipe  leading  into  the 
gallery. 

In  submitting  these  criticisms  to  the  Council  for  their  consideration, 
the  Committee  begs  to  state  that,  having  had  under  its  consideration  for 
some  time  the  question  of  testing  safety-explosives,  it  is  firmly  convinced 
that  the  proposed  gallery  fails  in  many  respects  to  meet  the  conditions 
most  favourable  for  obtaining  conclusive  results  from  a  practical  point  of 
view  ;  and  as  it  is  probable  that  the  results  obtained  at  "Woolwich  will  be 
taken  as  standards  for  regulating  the  use  of  explosives  in  mines,  the  Joint 
Committee  regrets  that  the  conditions  of  actual  working  are  not  more 
nearly  approached. 


The  Chaieman-  (Mr.  G.  B.  Walker)  said  that  the  recent  Order  in 
Council,  limiting  the  number  of  explosives  which  might  be  used  in  coal- 
mines, had  brought  that  question  very  much  to  the  front,  but  they  were 
not  primarily  concerned  (as  mining  institutes)  with  the  question  which 
the  Home  Secretary  had  to  settle,  namely,  what  explosives  should  or 
should  not  be  permitted  in  fiery  mines.     The  supplementing  of  such 
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tests  as  would  enable  the  Home  Secretary  to  decide  what  explosives  he 
would  allow  to  be  used  was  not  primarily  the  object  with  which  the  two 
institutes  started  the  idea  of  an  explosives  gallery  ;  indeed,  their  action 
was  antecedent  to  that  of  the  Home  Secretary.  They  wished  to  conduct 
such  experiments  in  such  an  experimental  station  as  would  enable  the 
members  to  set  their  minds  at  rest  with  regard  to  the  dangers  which 
would  always  attend  the  use  of  explosives  in  coal-mines,  in  order  that 
they  might  arrive  at  the  greatest  amount  of  knowledge  possible  as  to  the 
conditions  under  which  explosives  might  most  safely  be  used.  The 
institutes  had  no  funds  for  such  a  purpose,  and  he  suggested  that  a  small 
contribution,  spread  over  the  members  of  the  two  institutes  or  the 
collieries  represented  by  them,  would  be  a  trifle  that  none  of  them  would 
grudge,  and  would  be  well  repaid  by  the  anticipated  results. 

Mr.  M.  H.  Mills,  as  a  member  of  the  Joint  Committee,  said  that  he 
was  bound  to  acknowledge  the  valuable  services  that  had  been  rendered 
by  Mr.  O'Shea  and  Mr.  Blake  Walker,  who  were  mainly  responsible  for 
the  report  that  had  been  presented  that  day.  He  must  say  that  he  had 
some  little  diffidence  in  discussing  the  new  testing-station  which  was 
being  erected  at  Woolwich,  because  he  had  very  little  doubt  that  the 
Home  Secretary  would  hardly  have  entered  upon  such  an  important 
matter  without  obtaining  advice  from  H.M.  inspectors  of  mines.  It 
was  intended,  if  this  testing-station  were  erected,  that  any  agent  for 
an  explosives  company  whose  explosives  were  being  tried,  or  any  coal 
owner  who  sent  his  dust  to  be  tested,  would  be  allowed  to  be  present 
at  the  tests  and  be  advised  as  to  the  results.  He  suggested  that  the 
County  Councils  and  coal-owners  ought  to  meet  a  very  considerable 
portion  of  the  expense,  as  it  was  for  the  advantage  of  the  district 
that  proper  tests  of  explosives  should  be  made. 

Mr.  A.  H.  Stokes  (H.M.  Inspector  of  Mines)  remarked  that  H.M. 
inspectors  of  mines  had  not  been  collectively  consulted  as  to  the  appara- 
tus to  be  used  in  the  testing  of  explosives  at  Woolwich  ;  and  he  was  not 
aware  that  any  coal-mines  inspector  other  than  Mr.  H.  Hall  had  been 
consulted,  either  as  to  the  apparatus  or  as  to  the  tests  required.  He 
(Mr.  Stokes)  agreed  with  the  committee's  suggestion  that  the  experiments 
should  be  carried  out  upon  a  scale  equal  to  the  actual  conditions  found 
in  a  mine,  and  he  was  strongly  supported  by  Mr.  Hall's  opinion  quoted 
in  the  committee's  report ;  and  also  by  Mr.  Winkhaus,  who  made  the 
Saarbruck  experiments.  The  Chesterfield  and  Midland  Counties  Institu- 
tion of  Engineers — some  years  ago — made  experiments  in  currents  of 
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ventilati  in,  both  as  bo  gas  and  air,  and  dust  and  gas,  and  under  greatly 
varied  conditions.  The  results  had  been  published  in  a  bulky  volumj,* 
which  many  of  the  members  no  doubt  had  seen,  and  these  experiments 
prove  I  the  value  of  the  remarks  in  the  memorandum  issued  by  the  Joint 
Committee.  The  experiments  were  made  upon  a  comparatively  small 
scale,  and  the  conclusions  formed  upon  some  of  those  experiments  had 
subsequently  been  shown  to  be  erroneous  when  similar  experiments  had 
been  made  up  in  a  larger  scale.  If  the  Chesterlield  experiments  were 
compared  with  experiments  made  upon  a  larger  scale,  both  at  home  and 
abroad,  it  would  be  seen  how  far  the  larger-scale  experiments  had  nega- 
tived or  modified  the  conclusions  formed  by  the  committee  of  the 
Chesterlield  and  Midland  Counties  Institution  of  Engineers  and  based 
upou  small-scale  experiments. 

Mr.  H.  Bonser  (Leeds)  observed  that  the  first  testing-apparatus  for 
explosives  was  erected  by  Mr.  C.  E.  Rhodes  at  Aldwarke  Main  collieries, 
and  in  that  apparatus  tests  were  made  in  ventilating-currents  charged  with 
dust  and  10  per  cent,  of  gas,  which  were  revolved  rapidly  in  the  apparatus 
at  the  moment  at  which  the  shot  was  fired.  Mr.  Rhodes  tested  all  the 
then  known  explosives,  and  from  the  results  of  those  tests  decided  to 
continue  the  use  of  gelignite  in  the  water-cartridge.  The  next  testing 
apparatus,  he  believed,  was  erected  at  Gathurst  factory,  near  Wigan, 
by  the  Roburite  Explosive  Company.  Another  apparatus  was  erected  by 
Mr.  W.  Foggin  at  North  Biddick  colliery,  near  .Newcastle-upon-Tyne, 
and  experiments  were  carried  out  there  by  Mr.  W.  Foggin  and  Mr.  M. 
Walton  Brown.  Other  plants  were  erected  at  the  Ince  Coal  and  Cannel 
Company's  works,  near  Wigan,  by  the  Westfalite  Company ;  at  Cymmer 
colliery,  near  Pontypridd,  South  Wales  ;  at  Abercarn  colliery,  South 
Wales  ;  by  the  AVigan  Coal  and  Iron  Company,  near  Wigan  ;  and  at 
Hebburn  colliery,  near  Newcastle-upon-Tyne,  by  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers.  He  recognized  the 
difficulty  of  going  to  Woolwich  to  make  tests,  as  the  dust  would  not  be 
in  the  same  condition  as  found  in  coal-mines,  but  might  be  nearly 
approached  by  being  dried.  The  weight  of  an  explosive  used  in  the 
tests  at  Woolwich  wras  the  equivalent  of  2  ounces  of  No.  1  dynamite, 
fired  in  a  leaden  block.  In  his  own  tests,  he  used  a  large  cube  of 
puddled  clay  and  put  into  a  hole  a  charge  equal  to  1  lb.  of  gunpowder, 
and  he  measured  the  displacement  by  pouring  water  into  and  ascertain- 
ing the  size  of  the  cavity  by  measuring  the  volume  of  the  water  ;   more 

*  Trans.,  vol.  x. 
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reliable  results  were  obtained  by  this  method  than  by  using  leaden  blocks. 
In  his  opinion,  the  Woolwich  testing-station  was  equal  to  any  yet 
erected,  but  all  of  them  were  more  or  less  defective.  It  was  perfectly 
unnecessary  to  have  a  testing-station  in  this  district,  as  no  results  of 
any  test  would  be  accepted  by  the  Home  Secretary. 

Mr.  A.  H.  Stokes  stated  that  the  Coal-dust  Committee  of  the  Chester- 
field and  Midland  Counties  Institution  of  Engineers  were  appointed  early 
in  1879,  and  their  experiments  commenced  in  1880.*  He  thought  that 
Mr.  Ehodes'  plant  was  erected  some  time  afterwards. 

Mr.  C.  E.  Rhodes  wrote  that  he  commenced  testing  explosives  in  an 
explosive  mixture  of  gas  and  air,  travelling  at  varying  velocities,  and 
also  in  conjunction  with  coal-dust,  in  the  year  1888,  and  erected  an 
apparatus  for  that  purpose  at  Aldwarke  Main  colliery.  He  was  ably 
assisted  by  Mr.  A.  T.  Cocking,  who  was  then  his  assistant,  and  is  now 
general  manager  of  Messrs.  Kynoch's  works,  at  Birmingham  and  Arklow. 
He  did  not  claim  to  be  in  any  way  the  pioneer  of  testing  explosives,  and 
simply  erected  the  apparatus  for  his  own  information. 

Mr.  C.  J.  Murton  (Barrow  Collieries)  considered,  after  four  or 
five  years'  experience  of  the  apparatus  at  Hebburn  colliery,  that  the 
construction  of  the  Woolwich  apparatus,  which  ought  to  suffice  for 
many  years  to  come,  constituted  rather  a  retrogade  step.  Advantage 
had  not  been  taken  of  the  experience  gained  in  this  country  and  abroad. 
The  present  proposal  of  the  committee  for  an  experimental  apparatus  on 
a  much  larger  scale  was  certainly  more  in  accordance  with  what  one 
considered  to  be  the  right  thing  for  further  experiments.  He  thought 
that  the  cost  of  the  apparatus  might  be  borne  by  the  owners  of  collieries, 
and  some  of  the  associations  looking  after  the  welfare  of  the  workmen 
might  be  asked  to  help.  He  suggested  that  representatives  of  these 
associations  should  act  with  representatives  of  the  owners  and  other 
scientific  gentlemen,  and  partake  in  the  experiments  intended  to  ensure 
mutual  safety.  The  miners'  representatives  might  throw  out  many 
useful  and  practical  suggestions,  and  their  participation  would  be  bene- 
ficial to  all.  When  dealing  with  the  cost  of  a  station  they  should  allow 
something  for  the  cost  of  attendants  and  repairs  during  the  carry- 
ing out  of  the  experiments.  The  expense,  in  the  carrying  out  of 
experiments,  in  the  way  of  attendants — engineman  and  labour  keeping 
the  station  in  order — would  be  considerable.  The  observers  would  have 
to  number  ten  or  more  a  day,  so  as  to  make  the  experiments  of  value. 

*  Trans.  Chesterfield  and  Derbyshire  Inst,  of  Engineers,  vol.  x. 
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Mr.  II.  IJ.  Hkwitt  (H.M.  Inspector  of  Mines)  could  not  under- 
stand why  the  committee  recommended  that  two  cannons  should  be 
aged  in  the  proposed  station,  and  why  they  should  be  "inclined  so 
that  their  axes  produced  meet  at  a  point  GO  feet  from  the  closed 
end."  He  believed  it  was  suggested  that  these  cannons  should  he 
tired  simultaneously,  and  he  begged  to  submit  that  shots  like  these 
were  uever  simultaneously  fired  in  a  coal-mine.  Although  a  steel  gallery 
was  the  more  expensive,  he  preferred  it  to  a  wooden  one.  It  would 
offer  more  resistance  and  would  make  the  sides  of  the  gallery  more 
resemhle  the  sides  of  an  underground  road.  If  experiments  in  this 
direction  were  to  be  of  any  service  they  must  be  carried  on  under  the 
same  conditions  as  those  existing  in  a  mine,  as  nearly  as  it  was  possible 
to  make  them  so.  Seeing  that  the  Home  Secretary  had  taken  this  matter 
in  hand  he  strongly  objected  to  the  money  of  the  Chesterfield  and 
Midland  Counties  Institution  of  Engineers  being  spent  on  the  suggested 
station  in  this  district.  He  understood  that  the  testing-station  at 
Woolwich  was  experimental  only,  and  it  was  rather  the  duty  of  the 
members  to  show  the  Home  Secretary  that  the  gallery  was  unsatisfactory 
than  to  compete  with  him.  The  Home  Secretary  had  undertaken 
the  responsibility  of  naming  safe  explosives,  and  he  for  one  would 
rather  that  the  responsibility  remained  there.  He  certainly  agreed 
with  the  committee  that  the  present  station  was  inadequate,  and  that 
misleading  results  would  be  obtained  ;  and  he  believed  that  the  station  at 
"Woolwich  would  shortly  be  greatly  enlarged  and  improved.  He  suggested 
to  persons  making  experiments  that  the  pressures  reached  at  various 
distances  from  the  shot-hole  should  be  registered,  as  was  recently  done  at 
Liege  by  Mr.  Jules  Polain,  who  experimented  with  breech-loading  guns. 
Mr.  Polain  found  that  the  pressure  increases  and  attains  a  maximum  at 
5)  inches  from  the  gun-face.  After  that  distance  was  reached  falling 
pressures  were  recorded.  He  also  found  that  British  gunpowder 
produced  a  dangerous  pressure  at  a  part  of  the  barrel  quite  incapable  of 
sustaining  it,  and  further  indicated  that  Belgian  gunpowders  did  not 
show  any  such  effect. 

Mr.  A.  H.  Stokes  presumed  that  the  Home  Office  station  at 
Woolwich  would  be  exclusively  reserved  for  official  use  ;  and  it  was  now 
suggested  that  another  station  should  be  erected  by  persons  interested  in 
coal-mines,  where  experiments  could  be  conducted  independently  of  the 
Woolwich  station.  In  fact,  there  would  be  two  rival  stations  which 
might  do  good  by  checking  each  other,  and  fighting  out  the  claims  of 
various  makers  of  so-called  flameless  explosives.     When  he  said  that 
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there  might  be  a  separate  station  from  that  at  Woolwich  he  meant  a 
separate  station  anywhere  in  Great  Britain,  provided  that  it  was  com- 
manded and  governed  by  mining  engineers  generally,  fixed  in  a  suitable 
position  for  obtaining  all  the  necessary  conditions  found  in  a  coal-mine, 
and  easy  of  access  to  mining  engineers  who  wished  to  see  the  experiments. 

The  Chairman  (Mr.  G.  B.  Walker)  said  that  the  idea  of  the 
committee  was  that  the  members  should  erect  their  own  gallery  and 
conduct  their  own  experiments,  entirely  independent  of  the  apparatus 
at  Woolwich.  He  was  rather  sorry  to  notice,  from  several  remarks 
made  in  the  room,  that  an  impression  had  got  abroad  that  they  wished 
to  compete  with  the  official  station.  The  experiments  would  be  con- 
ducted on  different  lines  and  with  different  objects  in  view,  yielding 
results  which  could  not  be  attained  by  the  Woolwich  apparatus.  Under 
these  circumstances,  they  wished  to  have  their  own  gallery,  and  he  did 
not  think  that  the  cost  ought  to  be  prohibitive ;  coal-owners  and  others 
could  find  the  money  very  easily,  if  they  saw  the  advantages  of  having 
an  independent  testing-station. 

Mr.  H.  B.  Nash,  seeing  that  the  Home  Secretary  intended  to  test 
the  value  of  explosives  brought  forward  by  inventors,  thought  it  would 
be  very  absurd  for  the  members,  in  case  the  Home  Secretary  said  that  a 
certain  explosive  was  safe,  for  colliery-owners  and  managers  to  knock 
their  heads  against  that  statement  by  saying  it  was  dangerous.  He  was 
opposed  to  the  expenditure  of  any  money  upon  the  proposed  station. 
The  Home  Secretary  had  taken  the  matter  up,  and  the  tests  which  he 
made  should  be  final.  If  anything  happened,  they  (as  users  of  a  permitted 
explosive)  could  say  that  it  had  been  tested  under  conditions  which 
justified  the  Home  Secretary  in  considering  it  safe,  and  therefore  they 
were  entitled  to  rely  upon  it. 

Mr.  M.  H.  Mills  moved  "  that  after  consideration  of  the  Joint 
Committee's  report  (presented  to  the  Council  of  The  Federated  Institu- 
tion of  Mining  Engineers  at  a  meeting  in  London  in  June  last),  this 
meeting  is  firmly  convinced  that  the  proposed  gallery  fails  in  many 
respects  to  meet  the  conditions  necessary  for  obtaining  conclusive  results 
from  a  practical  point  of  view,  and  as  it  is  probable  that  the  results 
obtained  at  Woolwich  will  be  taken  as  standards  for  regulating  the  use 
of  explosives  in  mines,  it  regrets  that  the  conditions  of  actual  working 
are  not  more  nearly  approached." 

The  resolution  was  adopted  unanimously. 


DISCUSSION — RECOVERY  OF  BYE-PRODUCTS  FROM  COKE-OVENS.       83 


DISCUSSION  ON  MESSRS.  WALKER  ANJ)  O'SHEA'S  PAPER 
ON  "RECENT  PROGRESS  IN  THE  RECOVERY  OF  BYE- 
PRODUCTS  PROM  COKE-OVENS.* 

Mr,  E.  W.  Thirkell  said  that  this  paper  dealt  with  the  retort- 
oven   as   against  the  old-fashioned   (so-called)   beehive-oven  ;    and  one 
would  almost  think  that  the  authors  held  a  brief  for  the  retort  system, 
because  they  presented  before  them  various  ovens  under  that  system  of 
which,  as  against  the  old-fashioned  oven,  the  members  were  led  to  infer 
that  they  were  entirely  in  favour.     Personally,  he  had  had  no  experience 
with  the  retort-oven,  but  from  a  careful  perusal  of  the  paper  he  was  led 
to  believe  that  there  was  a  great  deal  more  in  the  system  than  many  of 
them  had  thought  up  to  the  present  time.     By  the  retort  system,  the 
members  were  told  that  they  could  coke  coal  that  could  not  be  coked  in 
the  beehive-oven.     That  opened  up  a  very  wide  field,  because  it  implied 
that  several  coal-seams  that  could  not  be  worked  at  a  profit  by  selling 
the  coal  as  the  raw  material,  might  possibly  be  worked  at  a  profit  if 
ovens  could  be  adapted  to  make  it  into  coke  and  extract  the  bye-pro- 
ducts—the tar,  the  ammonia,  what  was  got  from  the  gases  (benzol,  etc.), 
in  addition  to  the  heating,  and  also  what  Mr.  Bonser  brought  before 
their  notice  a  few  weeks  ago,  the  recovery  of  cyanogen  ;f  altogether  there 
seemed  to  be  (on  paper)  something  like  3s.  or  4s.  a  ton  profit  in  all  these 
subsidiary  works,  and  if  a  careful  study  of  the  question  in  all  its  branches 
and  bearings  would  bring  that  profit  into  a  more  practical  form,  it  would 
be  of  very  great  moment.     Retort-ovens  were  being  built  very  largely  on 
the  Continent,  and  in  Great  Britain  they  were  being  adopted  more  and 
more.     Mr.  Walker  had  proved  that  his  paper  was  practical  by  putting 
up  some  ovens  himself  under  one  of  the  retort  systems.     He  would  like 
to  ask  what  the  bye-product  plant  which  Mr.  Walker  said  would  cost 
£25,000,  would  include.      Then,  of  course,  as  was  said  at  a  previous 
meeting,^  ^his  co^e  might  answer  very  well  indeed  for  the  ordinary 
purposes  of  blast-furnaces,  but  might  not  do  at  all  for  steel-melting  and 
other  purposes.     The  members  ought  not  to  be  led  away  entirely  by  one 
system,  but  to  look  at  the  question  from  all  sides.     The  paper  also 
pointed  out  that  there  was  a  very  large  amount  of  waste  in  the  present 
system  of  coking  as  compared  with  the  retort  system. § 

*  Trans.  Fed.  Inst.,  vol.  xiii.,  page  302.     +  Ibid.,  vol.  xiii.,  page  335. 

*  Ibid.,  vol.  xiii.,  page  325.     §  Ibid.,  vol.  xiii.,  page  321. 
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The  Chairman  said  that  the  gain  was  10  to  15  per  cent,  of  coke,  and 
bye-products  in  addition. 

Mr.  Thirkell  (continuing)  said  that  the  tar  was  considered  to  be 
quite  as  good  as  gas-tar  and  particularly  well  adapted  for  coal-briquette 
making,  an  industry  which  might  be  taken  into  consideration  at  many 
collieries  in  these  bad  times,  and  if  the  bad  times  had  caused  attention 
to  be  directed  to  the  recovery  of  what  was  now  going  to  waste,  then  they 
had  done  some  good.  Coal  at  the  present  day  was  used  very  wastefully, 
but  the  time  would  come,  in  his  opinion,  when  they  would  no  more 
think  of  burning  coal  in  the  raw  state  than  they  would  of  eating  raw 
meat. 

Mr.  M.  H.  Habershon  (Thorncliffe)  said  that  statements  made  as 
to  the  cost  of  plant  were  interesting,  but  another  point  of  equal  interest 
and  importance,  which  had  not  been  mentioned,  was  the  cost  of 
maintenance.  If  they  looked  at  the  drawings  of  the  retort-ovens  with 
flues  in  the  sides  and  more  or  less  complicated,  the  members  would  see 
that  there  must  be  considerable  wear-and-tear  of  the  fire-bricks.  They 
knew  what  this  amounted  to  with  beehive  coke-ovens,  and  some  facts 
which  would  enable  the  members  to  compare  the  cost  of  maintenance  of 
retort-ovens  and  beehive-ovens  would  add  very  much  to  the  value  of  this 
paper. 

Mr.  M.  H.  Mills  remarked  that  at  the  present  time  he  was  wedded 
to  the  old-fashioned  or  beehive  coke-oven,  no  matter  how  they  might  be 
constructed.  When  he  managed  a  coking  colliery  in  Durham  there  were 
beehive  coke-ovens,  and  these  made  the  best  of  coke.  By  the  advice  of  a 
young  engineer  with  new  ideas,  it  was  thought  desirable  to  erect  retort- 
ovens  and  recover  the  bye-products.  A  little  money  was  made  out  of  the 
bye-products,  but  not  nearly  so  much  as  they  lost  by  making  an  inferior 
coke,  and  they  reverted  to  the  beehive  coke-oven.  It  was  advisable,  no 
doubt,  to  go  abroad  and  see  what  was  now  being  done,  but  it  must  be 
remembered  that  much  depended  upon  the  nature  of  the  coal  to  be  coked. 
They  might  make  good  coke  with  one  class  of  coal,  but  the  same  oven 
might  not  suit  another  class  of  coal.  After  Mr.  Blake  Walker  had  had 
some  experience  of  retort-ovens  he  would  be  able  to  give  the  members 
some  practical  results,  which  he  hoped  sincerely  would  be  highly 
satisfactory. 

The  Chairman  (Mr.  G.  B.  Walker)  observed  that  if  every  member 
waited  until  he  knew  all  about  a  subject  before  he  wrote  a  paper  to 
be  criticized  by  his  fellow-members  he  was  afraid  that  few  papers  would 
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be  writ i<'ii.     Abroad,  rapid  progress  in  coke-manufacture  had  been  made 
daring  the  past  10  years,  and  this  did  not  seem  to  be  grasped  in  our 
country.      The  failures  of  retort-ovens  in  Great  Britain  had  created 
a   prejudice  against  them,  which  still  lingered  despite  the  fact  that 
scientific  experts  had  been  working  at  the  subject  ever  since  and  evolving 
success  out  of  failure.     As  far  as  he  was  able  to  judge,  retort-ovens  were 
now  successful,  not  only  in  recovering  bye-products,  but  in  making  excel- 
lent dense  metallurgical  coke  suitable  for  blast-furnaces  and  foundries. 
Having  made  up  his  mind  that  this  was  so,  he  thought  it  was  high 
time   that   the  subject  was  brought  under  the  consideration   of   the 
Institute,  and  he  was  convinced  that  whatever  might  be  their  misgivings 
that  day  they  would,  in  the  course  of  the  next  three  or  four  years,  learn 
much  about  coke-making,  and  have  come  to  the  conclusion  that  there 
was  something  to  be  said  on  both  sides.      There  was  no  one  in  the 
world  who  was  such  an  expert  on  the  recovery  of  bye-products  as  Dr. 
Lunge,  and  he  had  produced  a  standard  work  on  Coal-tar  and  Ammonia, 
which  had  held  its  place  for  the  last  20  years,  the  last  edition  being 
10  years  old.    That  work  contained  very  few  errors  or  inaccuracies  ;  what 
had  been  proved  in  connexion  with  gas-making,  and  what  he  had  said 
with  regard  to  coke-making,  had  been  substantiated  by  ample  experience 
in  recent  years  in  Germany,  Belgium,  and  France.    Dr.  Lunge  had  written 
an  article  on  "Modern  Coke-ovens  and  their  Bye-products"  for  The 
Mineral  Industry*    He  directed  the  attention  of  members  to  that  paper, 
because  Dr.  Lunge's  views  upon  that  subject  would  have  greater  weight 
than  the  opinion  of  any  other  person  in  the  world.     It  was  astonishing 
how  slow  the  progress  which  the  idea  of  manufacturing  coke  under  these 
conditions  had  made — not  only  in  Great  Britain,  but  in  America.     Dr. 
Lunge's  paper  was  not  published  when  he  (Mr.  Walker)  wrote  his,  but 
he  had  carefully  compared  the  statements  made  in  the  two  papers,  and 
he  did  not  think  that  there  was  any  substantial  inaccuracy. 

The  cost  of  the  plant  was  undoubtedly  very  large,  but  it  depended  upon 
the  amount  which  they  thought  fit  to  expend.  Still,  £25,000  might  be 
regarded  as  the  smallest  amount,  because  they  could  not  put  up  a  bye- 
product  recovery-plant  to  deal  with  less  than  1,000  tons  of  coal-slack 
per  week.  The  cost  of  the  condensing-plant  was  so  considerable  that 
1,000  to  1,500  tons  per  week  should  be  considered  the  minimum  quantity  of 
coal-slack  that  the  bye-product  plant  ought  to  treat,  and  the  least  possible 
cost  at  present  seemed  to  be  £25,000.  German  coking-plants  cost  more, 
but  they  maintained  that,  by  going  in  for  high-class  machinery,  etc., 

*  1896,  vol.  v.,  page  179. 
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they  recovered  small  percentages  of  valuable  products  which  would 
otherwise  be  lost,  and  that  what  they  saved  by  cleanliness  and  perfection 
was  well  worth  the  extra  cost.  At  the  same  time  the  German  coal- 
trade  was  a  very  much  more  profitable  business  than  theirs  in  Great 
Britain.  Of  course,  it  should  be  borne  in  mind,  when  considering  the 
cost  of  repairs  of  the  beehive  coke-oven  and  of  the  retort-oven,  that  in 
the  one  case  they  were  constantly  exposing  the  fire-brick  to  extreme 
changes  of  temperature,  and  in  the  other  they  were  not.  The  object  of 
the  retort-oven  was  to  keep  the  temperature  of  as  uniform  a  character  as 
possible.  If  the  fire-bricks  were  of  the  right  kind,  and  the  walls  of  the 
floor  not  too  thin,  they  might  go  on  for  some  years  without  appreciably 
damaging  the  walls.  German  engineers  had  been  trying  to  see  how 
thin  they  could  make  the  walls,  and  in  the  Semet-Solvay  coke-oven  these 
were  very  thin,  but  renewable.  The  main  structure  was  independent  of 
the  flues,  which  were  built  of  fire-brick  lumps.  It  was  not  a  serious 
cost  to  take  out  flues  that  had  been  burnt  through  and  to  renew  them, 
but  with  regard  to  the  other  substantially-built  flues  it  was  not  advisable 
to  make  them  too  thin.  The  experience  of  all  engineers  was  now  tending 
in  the  direction  of  thickening  of  the  walls  of  the  flues,  and  he  was  told 
that  they  should  not  be  less  than  5  or  6  inches  thick.  The  only  damage 
that  took  place  to  the  walls  of  coke-ovens  was  in  pushing  out  the  coke. 
"With  bituminous  coal,  a  certain  adhesion  to  the  walls  of  the  oven  took 
place,  and  parts  of  the  fire-brick  might  stick  to  the  coke,  and  so  be 
pulled  off.  At  Bearpark  collieries,  where  retort-ovens  had  been  used  for 
12  or  14  years,  a  great  many  of  the  ovens  had  not  been  repaired,  and 
were  in  a  fairly  good  condition  internally  considering  their  age,  and  he 
put  this  down  to  their  not  being  subjected  to  such  rapid  changes  of 
temperature  as  the  beehive  coke-ovens.  He  advised  the  members  not 
to  make  the  walls  too  thin,  as  by  this  means  the  life  of  the  oven  was 
diminished,  and  if  they  did  sacrifice  something  in  the  rapid  transmission 
of  the  heat  they  saved  more  in  repairs. 

Mr.  Thirkell  asked  what  was  the  percentage  of  coke  in  the  various 
systems. 

The  Chairman  (Mr.  G.  B.  Walker)  replied  that  in  some  coals  there 
was  75  per  cent,  of  fixed  carbon,  whereas  in  others  there  was  only  65  per 
cent.  He  could  not,  therefore,  lay  down  any  definite  proportion,  as  it 
depended  entirely  upon  the  fixed  carbon  in  the  coal,  and  what  was  gained 
in  coke  was  lost  in  bye-products.  A  class  of  coal  producing  65  per  cent. 
of  coke  in  a  beehive-oven  would  yield  77  to  80  per  cent,  of  coke  in  a 
retort-oven. 
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Mr.  H.  B.  Nash  enquired  whether  it  was  not  a  fact  that  in  Great 
Britain  retort-ovens  had  not  been  able  to  manufacture  good,  reliable  steel-* 

making  coke,  and  whether  this  had  not  resulted  in  keeping  back  the 
development  of  retort-ovens  in  this  country.  He  was  informed  that  the 
extraction  of  some  of  the  bye-products  affected  the  quality  and  hardness 
of  the  coke.  He  would  like  to  know  whether  a  satisfactory  steel-making 
coke  had  been  manufactured  continuously  in  this  class  of  oven  in  Great 
Britain. 

Further  discussion  was  adjourned. 


DISCUSSION  ON  MR.  GEORGE  DUNSTON'S  PAPER  ON  "THE 
EASTERN  EXTENSION  OF  THE  MIDLAND  COAL-FIELD, 
AND  THE  EXPLORATION  AT  SOUTHCAR."* 

Mr.  Geoege  Dunston  said,  with  regard  to  the  question  raised  at  the 
previous  meeting  by  Mr.  Blake  Walker  as  to  the  conditions  under  which 
drainage  operations  were  being  at  the  present  time  carried  on  in  that  part 
of  Lincolnshire  on  the  western  side  of  the  river  Trent,  where  the 
proposed  colliery  at  South  car  would  be  situated,  that  the  following  table 
recorded  the  rainfall  in  the  district  during  the  last  1G  years  : — 


Inches. 

Inches. 

1881 

21-37 

1889    

22-68 

1882 

30-34 

1890    

20-95 

1883 

29-02 

1891    

24-14 

1884 

15-09 

1892    

20-77 

1885 

2113 

1893    

18-26 

1886 

25-14 

1894    

21-07 

1887 

15-23 

1895    

23-68 

1888 

22-46 

1896    

22-16 

The  water  of  the  district  was  dealt  with  in  three  different  methods. 
The  river  Idle,  with  its  raised  banks,  carried  all  the  water  from  Notting- 
hamshire through  this  part  of  Lincolnshire.  The  Hatfield  Chase  Cor- 
poration, who  were  responsible  for  about  8,000  acres,  had  no  difficulty  in 
dealing  with  the  water  by  means  of  steam-driven  centrifugal  pumps, 
capable  of  pumping  350  tons  of  water  per  minute.  The  water  was  lifted 
into  a  drain,  the  banks  of  which  had  been  raised  for  a  distance  of  about 
4  miles  to  the  river  Trent.    The  engineer  was  of  opinion  that  the  present 

*  Trans.  Fed.  Inst.,  vol.  xii.,  pages  515  and  522  ;  and  vol.  xiii.,  page  330. 
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pumping-plant  was  capable  of  dealing  with  an  additional  3,000  acres  of 
water-area,  if  necessary.  The  cost  of  erecting  the  pumping-plant  was 
equal  to  about  10s.  per  acre,  and  the  maintenance,  etc.,  cost  less  than 
2s.  per  acre  per  annum.  The  Isle  Common  Drainage  Commissioners,  of 
whom  he  (Mr.  Dunston)  was  reappointed  chairman  yesterday,  had  about 
15,000  acres  of  land  which  was  drained  by  gravitation,  and  the  water 
issued  by  three  outlets  into  the  river  Trent.  He  could  assure  the 
members  that  there  was  no  such  thing  as  that  part  of  the  country  being 
flooded,  and  there  was  no  fear  of  any  flooding  taking  place.  Assuming 
for  the  sake  of  argument  that  subsidence  did  take  place  by  the  working 
of  the  minerals,  it  would  not  be  a  costly  operation  to  raise  the  4  miles 
of  banks  a  few  feet.  Opinions  were  divided  as  to  whether  subsidence 
would  take  place  under  the  Secondary  rocks.  Quite  near  to  Southcar, 
there  was  a  large  tract  of  land  called  Bullasacks,  about  2  feet  lower  than 
the  land  at  Southcar,  and  this  year  it  was  proved  in  the  law-courts  that 
this  land  was  not  liable  to  be  flooded,  and  that  it  did  not  want  raising  ; 
and  although  Parliament  had  passed  an  Act  that  this  land  along  with 
other  lands  should  be  warped,  still  the  Court  held  this  land  to  be  the 
most  valuable  of  land,  and  granted  an  injunction  against  its  being  so 
warped  or  raised.  If,  on  the  other  hand,  it  be  assumed  that  the  land 
did  want  raising  by  the  river  Trent,  the  cost  of  the  warping  operation 
amounted  to  £20  per  acre.  Where  there  were  four  valuable  workable 
coal-seams,  it  would  be  a  waste  to  the  country  to  assume  that,  for  the  sake 
of  an  additional  £20  per  acre,  these  seams  should  not  be  worked  and 
the  country  should  not  obtain  the  full  value  of  the  mineral.  The  question 
had  been  raised  as  to  whether  the  two  coal-seams  could  be  worked 
together,  and  he  should  be  very  glad  if  some  member  would  speak  who 
had  had  experience  of  two  similar  seams  being  worked  together.  Another 
question  which  had  cropped  up,  most  probably  out  of  Mr.  Blake  Walker's 
remarks,  although  they  did  not  justify  it,  was  that  large  quantities  of 
water  had  been  met  with  during  the  boring-operations.  Mr.  Nash 
could  confirm  his  statement  that  no  water  was  met  with  during  the 
boring-operations,  with  the  exception  of  a  small  brine-spring,  which 
drained  off  at  a  depth  of  1,320  feet.  As  would  be  seen  on  the  section, 
an  anhydrous  gypsum  seam,  which  was  8  feet  10  inches  in  one  thickness, 
was  there  bored  through.  After  this  core  was  taken  out  of  the  borehole, 
it  was  polished  in  two  parts,  and  looked  very  beautiful.  Gypsum  was 
valuable  for  settling  or  purification  purposes,  large  quantities  were  used 
at  Burton-upon-Trent,  and  if  mills  were  erected,  it  could  be  used  in  the 
manufacture  of  plaster  of  Paris, 
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The  Chairman  (Mr.  G.  B.  Walker)  said  that  tho  members  owed  a 
debt  of  gratitude  to  Mr.  Dunston  for  affording  the  information  which 
he  had  presented  to  the  institutes.      By  means  of  different  borehole 

sections,  the  position  of  the  Barnsley  seam,  and  its  probable  continuance 
under  Lincolnshire,  had  been  set  at  rest.  The  only  question  which  was 
not  quite  clear  to  his  mind  was  whether  Mr.  Dunston  intended  to  infer 
that,  having  reached  the  maximum  depth  at  Southcar,  the  Coal-measures 
continued  to  rise  eastward  until  they  cropped  out  in  the  North  Sea. 

Mr.  G.  Dunston  said  that  he  did  not  think  that  at  any  point  the 
coal-seams  would  be  nearer  the  surface  than  at  Southcar — not  even  at 
Saltfleet,  on  the  Lincolnshire  coast.  He  thought  that  the  measures  were 
flat  as  far  as  the  Lincolnshire  coast,  and  possibly  the  seams  might  crop 
up  in  the  bottom  of  the  North  Sea,  which  was  70  to  80  feet  deep  round 
the  outcrop.  Prof.  Green  was  of  opinion  that  they  would  rise  to  the 
east  in  the  sea,  but  run  flat  for  some  distance  beyond  the  Lincolnshire 
coast.  It  was  45  miles  from  Saltfleet  to  the  "  Coal-pit "  in  the  North 
Sea. 

Mr.  H.  B.  Nash  said  that  he  could  confirm  Mr.  Dunston's  statement 
with  regard  to  the  amount  of  water  found  in  the  boring.  As  the  engineer 
who  had  charge  of  the  borehole  from  beginning  to  end,  the  small 
amount  of  water  met  with  surprised  him.  In  the  sandstone  measures, 
he  had  expected  to  meet  quantities  of  water  which  would  be  extremely 
difficult  to  deal  with,  but  it  so  happened  that  at  no  point  did  the  water 
rise  more  than  1  foot.  Of  course,  the  size  of  the  borehole  should  be 
remembered,  and  if  it  had  been  a  16  feet  pit  there  might  have  been  more 
water.  Mr.  Dunston  had  referred  to  the  working  of  seams  in  close 
proximity,  like  the  portions  of  the  Barnsley  bed.  He  did  not  think  for 
his  part  that  it  would  be  advisable  to  work  the  seams  together,  but  they 
could  both  be  worked  satisfactorily  from  the  same  shaft  after  one  of 
them  had  been  worked  2  or  3  years  in  advance  of  the  other,  so  as  to 
give  time  for  settlement.  He  was  working  seams,  but  not  at  such  great 
depths,  and  he  found  on  these  lines  that  he  could  work  them  satis- 
factorily, but  an  excessive  percentage  of  small  coal  was  made  in  working 
the  second  bed. 

The  Chairman  asked  whether  red  sand  had  been  found  below  the 
Magnesian  Limestone. 

Mr.  Nash  replied  that  sand  was  not  found  under  the  Magnesian 
Limestone.  At  that  point  the  strata  were  dry,  and  water  was  forced 
down  the  hole  to  enable  them  to  continue  the  boring. 
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Mr.  M.  H.  Harershon  enquired  as  to  the  means  taken  to  ascertain 
the  inclination  of  the  measures. 

Mr.  Nash  said  that  they  bored  with  a  diamond  drill,  and  the 
measures  appeared  to  be  almost  flat.  The  cores  did  not  break  at  an 
angle,  and  the  layers  of  the  strata,  of  which  the  cores  could  be  still  seen 
to-day,  were  quite  flat.  There  was  no  doubt  that  the  inclination,  if  any, 
was  very  slight.  He  could  not  give  any  definite  information  as  to  whether 
the.  Coal-measures  rise  to  the  east  or  west.  He  did  not  think  that  it  could 
be  proved  from  a  single  borehole  in  what  direction  the  strata  really  were 
rising.  The  core  taken  out  might  turn  round  in  the  borehole-box  as  it 
came  up.  From  two  boreholes  a  short  distance  apart,  but  not  from  one 
borehole  alone,  could  sufficient  evidence  be  obtained  to  prove  conclusively 
whether  there  was  an  inclination  to  the  north,  south,  east,  or  west. 

The  Chairman  said  that,  if  Mr.  Dunston  could  obtain  sections  of 
other  borings  in  the  neighbourhood  of  Doncaster,  the  members  would  be 
indebted  to  him.  The  remarks  that  he  had  made  with  regard  to  the 
apprehended  drainage-difficulty  were  especially  valuable,  coming  from 
one  who  had  to  deal  with  the  matter  practically. 
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MIDLAND    INSTITUTE    OF   MINING,   CIVIL,   AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 
Held  at  the  Grand  Hotel,  Manchester,  November  27th,  1897. 


Mr.  G.  BLAKE  WALKER,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  and  of  the  Joint  Meeting 
with  the  Chesterfield  and  Midland  Counties  Institution  of  Engineers 
at  Sheffield  were  read  and  confirmed. 


The    following    gentlemen    were    elected,    having    been    previously 
nominated  :  — 

Members  : — 

Mr.  William  W.  Millington,  Mining  Engineer,  Hardman  House,  Hollin- 

wood,  Oldham. 
Mr.  William  RigbY,  Mining  Engineer,  King  Street,  Wigan. 


Mr.  John  Crigh-ton  read  the  following  paper  on    "  Comparative 
Experiments  on  Models  of  a  Capell,  a  Schiele,  and  a  Crighton  Excelsior 


Fan,  under  the  same  Conditions  "  :- 
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COMPARATIVE  EXPERIMENTS  ON  MODELS  OF  A  CAPELL, 
A  SOHIBLB,  AND  A  CRIGHTON  EXCELSIOR  FAN, 
UNDER    THE    SAME    CONDITIONS. 


By  JOHN  CRIGHTON. 

The  writer  takes  this  opportunity  of  proving  to  the  members  the 
fallacy  of  the  experiments  made  on  a  Capell  and  a  Schiele  fan  at 
Shirland  colliery  in  the  beginning  of  1890.  The  experiments  were 
communicated  in  a  paper  by  Mr.  M.  Deacon  having  the  title  of 
"  Comparative  Experiments  upon  a  Capell  and  a  Schiele  Fan  Working 
under  Similar  Conditions."*  The  writer  contends  that  this  title  is 
erroneous  as,  the  conditions  not  being  equal,  the  experiments  are 
misleading  and  likely  to  act  prejudicially  to  the  Schiele  fan. 

To  prove  his  opinions,  the  writer  has  had  made  a  model  Capell  fan 
12^  inches  in  diameter  and  5 J  inches  wide  (Figs.  3  and  4,  Plate  XXV.), 
exactly  to  the  drawings  shown  in  the  Transactions,  t  but  to  the 
scale  of  1  inch  to  1  foot,  and  with  the  exception  that  there  is  a  double 
inlet  in  place  of  a  single  inlet  to  the  fan,  the  sole  reason  for  doing  this 
being  to  have  both  of  these  fans  working  under  the  same  conditions. 
In  any  case,  Mr.  Capell  will  no  doubt  readily  admit  that  the  altered 
conditions  will,  if  anything,  add  to  the  efficiency  of  his  fan.  This  Capell 
fan  is  enclosed  within  a  casing  or  volute  chamber  exactly  to  the  curves 
shown  in  the  drawing  in  the  Transactions. 

The  model  Schiele  fan  (Figs.  5  and  6,  Plate  XXV.)  is  12|  inches  in 
diameter,  and  is  arranged  so  that  it  fits  into  the  same  casing,  but  is 
supplied  with  its  own  ordinary  volute  chamber.  The  width  of  this  fan 
at  its  tip  should  have  been  2^  inches,  but  when  received  from  the 
tinsmith  the  diaphragm  was  found  to  run  §  inch  out  of  truth,  and  the 
wings  had  to  be  reduced  to  2  \  inches  wide,  thus  very  considerably  reducing 
the  capacity  of  the  fan  for  the  delivery  of  air,  the  curved  rings  between 
which  the  disc  revolved  being  left  as  they  were,  viz.,  to  receive  a  disc 
2 \  inches  broad. 

The  model  Crighton  excelsior  fan  (Figs.  1  and  2,  Plate  XXV.)  is  12| 
inches  in  diameter  and  h\  inches  wide,  and  is  arranged  to  run  between 
the  same  sidewalls  as  the  Capell  fan. 

*  Trans.  Fed.  In.it. ,  vol.  i.,  page  287.  +  Ibid.,  Plate  I.,  page  290. 
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These  model  fans  are  driven  by  an  electric  motor  of  1^  horsepower, 
the  maximum  speed  of  which  is  1,600  revolutions  per  minute  (A,  Fig. 
2,  Plate  XXV.).  Each  model  fan  can  be  coupled  direct  on  to  the 
spindle  of  the  electric  motor  (the  same  coupling  B  being  used  in  all 
cases),  so  that  the  speeds  may  be  exactly  the  same  in  each  experiment. 
A  voltmeter  and  an  ammeter,  to  register  the  amount  of  horsepower 
consumed,  were  also  provided,  and  were  read  at  the  time  of  the  ex- 
periments being  made. 

The  anemometer  is  fitted  with  the  ordinary  stop  arrangement, 
with  the  addition  of  a  catch  and  simple  reversing  motion  for  bringing  it 
back  again  to  zero  after  the  end  of  each  experiment.  This  meter  0 
(Fig.  1,  Plate  XXV.)  will  be  used  in  every  case  in  one  fixed  position,  a 
slide  being  provided  along  which  the  arm  is  moved  to  fix  it  in  its  proper 
place. 

The  water-gauge  D  (Fig.  1,  Plate  XXV.)  is  fixed  at  the  back  of  one 
of  the  inlet-boxes,  and  in  a  position  where  there  will  probably  be  no 
current  of  air ;  but  in  any  case  it  will  apply  equally  to  all  the  experi- 
ments on  the  model  fans.  For  closing  up  the  air-inlet  entirely,  a  thin 
board  is  placed  over  the  end  of  the  inlet-pipe. 

From  the  experiments  shown  in  Table  I.,  it  will  be  seen  that  the 
writer  is  right  in  his  opinion  respecting  the  results  recorded  in  Mr. 
Deacon's  paper.  The  model  Schiele  fan  passed  130  cubic  feet  of  air  per 
minute  more  than  the  model  Capell  fan  at  1  revolution  per  minute  less 
and  produced  0*11  inch  more  water-gauge,  even  with  its  disc  2£  inches 
wide  in  place  of  2  \  inches  wide  (as  it  was  intended  to  be),  the  slipping 
of  air  due  to  this  deficiency,  and  the  wobbling  of  the  fan,  no  doubt 
accounting  to  a  great  extent  for  the  low  useful  effect  registered. 

The  result  for  the  Crighton  excelsior  fan  speaks  for  itself. 


The  experiments  were  made  in  the  presence  of  the  members,  and  the 
various  observations  in  Table  I.  were  recorded  by  Messrs.  T.  H.  Words- 
worth, H.  Ingold,  and  Harry  Rhodes. 

The  President  moved  a  hearty  vote  of  thanks  to  Mr.  Crighton  for 
his  paper  and  experiments  upon  model  fans. 

The  proposal  was  agreed  to. 
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CHESTERFIELD  AND   MIDLAND   COUNTIES   INSTITUTION 

OF  ENGINEERS;  AND 

MIDLAND  INSTITUTE  OF  MINING,  CIVJL  AND 

MECHANICAL  ENGINEERS. 


JOINT  MEETING, 

Held  in  the  Rooms  of  the  Literary  and  Philosophical  Society, 

Sheffield,  February  5th,  1898. 

Mr.  G.  BLAKE  WALKER,   in  the  Chair. 


The  following  gentlemen  were  elected  members  of  the  Midland  Insti- 
tute  of  Mining,  Civil  and  Mechanical  Engineers,  having  been  previously 
nominated : — 

Members — 
Mr.  Fred.  Dutton,  Electrical  Engineer,  The  Green,  Heckmondwike. 
Mr.  Walter  Frederick   Jones,    Electrical   Engineer,    25,    Albert   Street, 

Eccles,  Manchester. 
Mr.    Alexander    Marr,    Electrical   Engineer,    66,    Upper   Brook    Street, 

Manchester. 
Mr.  Cecil  Walton,  Engineer,  The  Hardy  Patent  Pick  Company,  Limited, 

Sheffield. 


The  following  gentlemen  were  elected  to  the  Chesterfield  and  Midland 
Counties  Institution  of  Engineers  :  — 

Member — 
Mr.    Walter  Jabez  Baker,   Mining  Engineer,   Byron  Chambers,   Market 
Place,  Nottingham. 

Associate — 
Mr.  Thomas  Turner  Mawson,  Mining  Student,  Pemberton  Colliery,  near 
Wigan. 

Student — 
Mr.  William  James  Lodge,  Mechanical  Engineering  Student,  No.  1  Colliery, 
Hucknall  Torkard. 


Mr.  T.  G.  Lees  read  the  following  paper  on  "Explosions  in  Air- 
compressors  and  Receivers": — 
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EXPLOSIONS   IN   AIR-COMPRESSORS   AND   RECEIVERS. 


By  T.  G.  LEES. 


Previous  to  the  explosion,  which  took  place  at  the  air-compressor  and 
air-receiver,  at  Clifton  colliery,  on  May  28th,  1897,  an  ignition  occurred 
in  one  of  the  air-cylinders,  without  causing'  an  explosion,  on  November 
25th,  1895  ;  and  other  similar  explosions  and  ignitions  have  taken  place, 
one  at  Ryhope  colliery*  and  another  at  Newbattle  colliery. t  Mr.  W.  N. 
Atkinson,  H.M.  inspector  of  mines,  also  mentioned  an  explosion  in  a 
compressed  air  -  receiver,  which  occurred  at  the  Carn  Bora  mine  in 
Cornwall,  on  August  16th,  1885.  An  explosion  in  an  air-compressing 
cylinder  is  recorded  by  Mr.  C.  C.  Ellison  of  the  Wharncliffe  Silkstone 
colliery,  Barnsley.  Other  explosions  and  ignitions  may  have  taken  place 
in  this  country,  but  the  writer  has  not  been  able  to  find  any  recorded 
beyond  those  above  mentioned.  In  America  and  on  the  Continent, 
where  compressed  air  is  very  extensively  used  for  many  purposes  other 
than  haulage-power,  a  number  of  explosions  and  ignitions  have  happened. 

A  plan  and  sectional  elevation  of  the  air-compressors  and  receivers  at 
Clifton  colliery,  with  the  pipes  communicating  therewith,  is  shown  in 
Figs.  1  and  2  (Plate  XXXI.).  There  are  two  steam-cylinders,  each  30 
inches  in  diameter,  the  air-cylinders  are  30  inches  in  diameter  with  4  feet 
stroke,  and  were  erected  in  1877.  The  air-cylinders  A,  A1  are  in  a  line 
with  the  steam-cylinders,  the  piston-rods  being  coupled  together.  The 
inlet-valves  M  of  the  air- cylinders  are  hinged  inside  the  cylinder-covers, 
one  at  each  end,  measure  11 J  inches  by  7  inches,  and  are  regulated 
in  opening  and  closing  by  spiral  springs.  The  discharge-valves  K 
are  placed  on  the  top  stem  of  the  cylinders  near  to  each  end,  measure 
16|  inches  by  3  inches,  and  are  specially  constructed  with  the  view  of 
giving  relief  in  raising  the  valve  against  the  pressure  in  the  air-receiver 
^at  the  end  of  the  stroke.  The  air-cylinders  are  provided  with  tanks  or 
water-jackets,  supplied  with  a  continuous  flow  of  cold  water  for  cooling- 
purposes  ;  and  these  were  arranged  up  to  the  time  of  the  explosion  so 
as  to  allow  of  the  water  overflowing  at  the  level  marked  H,  Hl  (Fig.  3, 
Plate  XXXI.). 

*  Trans.  N.l'J.  Inst.,  vol.  xxxvii.,  page  197.         t  Ibid.,  vol.  xxxviii.,  page  3. 
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The  ;iir,  on  leaving  the  compressing  cylinders,  passes  through  the 
air-passages  E  and    pipes   B   to   the  receivers   G',  C1   and   Gr2,   all   of 

which  are  connected  by  pipes  8  inches  in  diameter,  and  thence  from  the 
receiver  C  by  the  pipe  I)  to  the  shaft.  The  receiver  C,  nearest  the 
engine-house,  is  40  feet  long-,  7  feet  in  diameter,  and  fitted  with  two 
safety-valves.  The  receivers  (<l  and  C2  are  40  feet  long,  5  feet  in 
diameter,  and  have  one  safety-valve  each,  weighted  to  blow  ofl'  at  a 
pressure  of  (50  lbs.  per  square  inch. 

Ignition  and  Explosion  at  Clifton  Colliery. — The  ignition  occurred  in 
the  right  hand  air-cylinder  on  November  25th,  1895.  There  was  no 
explosion  in  the  air-receiver.  The  engineman  saw  a  stream  of  sparks 
issuing  from  the  inlet-valve  M  at  the  front  end  of  the  cylinder,  and 
through  the  pipe-joints  between  the  cylinder  and  the  air-receiver.  He 
noticed,  at  the  same  time,  that  the  outlet-valve  K  at  the  same  end  of 
the  cylinder  had  stuck  and  was  not  lifting.  All  the  joints  of  the  pipes 
were  injured,  and  were  re-made,  but  no  further  damage  was  discovered. 

It  was  thought  that  the  discharge-valve  K,  failing  to  lift,  the  hot 
compressed  air  in  the  cylinder  was  re- compressed  for  several  strokes 
before  the  engine  could  be  stopped,  and  by  that  means  a  very  high 
temperature  of  the  air  was  produced,  so  high  as  to  volatilize  the  lubri- 
cating oil,  and  then  to  cause  the  ignition  of  the  oil- vapour. 

The  explosion  took  place  on  May  28th,  1897.  The  pits  commenced 
work  at  7  a.m.,  the  air-compressing  engine  running  at  the  usual  speed  of 
from  40  to  48  revolutions  per  minute,  and  everything  appeared  to  be 
in  working  order  up  to  8'45  a.m.,  when  the  engineman  was  startled 
by  the  safety-valves  on  the  air-receivers  suddenly  blowing  off  with  a 
deafening  roar,  the  noise  of  which  increased  every  second,  and  caused 
great  alarm  in  the  pit-yard.  Flames  several  feet  high  were  seen 
issuing  at  great  pressure  from  the  safety-valves,  and  sparks  were  blown 
out  at  the  joints  of  the  pipes  leading  from  the  discharge-valves  of  the 
air-cylinders  to  the  air-receiver  C.  As  soon  as  the  engines  were  stopped, 
it  was  observed  that  the  plates  of  the  receiver  C  were  heated  to  a  very 
high  temperature,  and  that  the  pipe  D,  carrying  the  air  from  the  receiver 
to  the  pit,  was  nearly  red-hot  near  to  the  receiver.  The  engineman,  having 
left  the  engine-house,  was  not  able  to  say  anything  as  to  the  pressure 
indicated  on  the  air-gauge.  It  was  probable,  as  the  hauling-engines  in 
the  pit  kept  on  running  for  some  minutes  after  the  first  alarm,  and  after 
the  air-compressors  were  stopped,  that  this  helped  somewhat,  in  addition 
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to  the  relief  obtained  from  the  four  safety-valves,  to  keep  the  pressure 
from  attaining  such  proportions  as  to  burst  the  air-receivers,  or  to  do 
such  other  damage  as  occurred  on  similar  occasions  at  other  collieries. 

The  fact  that  something  unusual  had  happened  was  soon  noticed  in 
the  pit,  as  the  fumes  given  off  by  the  incandescent  matter  in  the  air- 
receiver  were  carried  down  the  shaft  to  the  hauling-engines.  The  effect 
of  the  gases  exhausted  from  the  engines  caused  great  alarm  to  the 
workpeople,  and  rendered  one  of  the  engine-attendants  partially  un- 
conscious. The  smell  of  the  fumes  was  disagreeable  and  pungent, 
and  was  noticed  for  some  considerable  distance  from  the  pit-bottom, 
'so  that  the  men  in  the  nearest  district,  about  \  mile  inbye,  put  out 
their  candles  and  came  to  the  pit-bottom  to  ascertain  the  cause.  The 
flames  issuing  from  the  safety-valves  gradually  subsided,  and  very 
shortly  ceased  ;  and,  as  soon  as  practicable,  the  safety-valves  were  eased, 
and  the  lids  on  the  manholes  were  taken  off  to  allow  the  receivers  to  cool 
down,  water  being  thrown  in  for  the  same  purpose,  and  to  clear  out  any 
remaining  gases,  so  that  an  examination  could  be  made  of  the  interior. 
A  lighted  safety-lamp  was  lowered  into  the  receiver  nearest  to  the 
engine-house  soon  after  the  lids  were  taken  off,  and  it  was  immediately 
extinguished.  This  experiment  was  repeated  at  intervals  until  the 
receivers  were  clear  of  fumes  and  fit  to  be  entered.  Unfortunately, 
samples  of  the  gases  in  the  receivers  were  not  obtained  at  the  time,  so 
that  an  analysis  cannot  be  given.  After  the  receivers  had  cooled  down 
sufficiently  to  enable  an  inspection  to  be  made  of  the  interior  it  was 
found  that  on  the  bottom  of  receiver  O,  immediately  under  where  the 
air  first  entered  from  the  compressors,  a  deposit  of  black  carbonaceous 
matter  had  formed,  from  1J>  to  2  inches  thick,  and  6  square  feet  in  area, 
and  a  thin  coating  was  noticed  on  the  sides,  but  only  at  the  end  of  the 
receiver  nearest  the  inlet-pipe.  This  deposit  was  charred,  and  presented 
the  appearance  of  hard  vulcanite.  The  two  receivers,  Cl  and  C2,  were 
free  from  deposit.  The  pipes  B  leading  from  the  air-cylinders  also 
contained  a  thin  black  deposit,  more  or  less  burnt.  The  air-cylinders 
and  pistons  were  examined,  and  although  signs  of  heating  were  apparent, 
the  surfaces  were  not  dry  ;  the  discharge-valves  and  passages  E  were 
coated  with  deposit  about  }  inch  thick  in  the  worst  parts,  which  had 
evidently  been  incandescent  but  not  quite  consumed,  some  of  it  being  of 
the  consistency  of  stiff  putty.  Further  examinations  failed  to  detect 
any  damage  to  the  plant,  but  work  was  stopped  for  the  day,  and  the 
men  were  drawn  out  of  the  pit. 
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The  conditions  likely  to  cause  the  explosion  would  be  (1)  a  much 
higher  temperature  than  the  theoretical  temperature  of  the  compressed 
air  due  to  the  working  pressure  ;  (2)  a  comparatively  low  temperature  of 
the  Bashing  and  ignition  points  of  the  oil  used  for  lubricating  the  piston 
and  air-cylinder  ;  and  (3)  supplying  a  larger  quantity  of  oil  than  could 
be  used  up  in  the  lubrication,  and  so  leaving  a  surplus  in  the  cylinders 
and  in  the  outlet  valve-chests  and  air-pipes. 

About  20  years  ago,  a  thermometer  was  fixed  on  the  outlet  air-pipe 
B,  as  near  to  the  discharge-valves  as  practicable,  to  indicate  the  tempera- 
ture of  the  compressed  air  (Fig.  3,  Plate  XXXI.).  The  thermometer 
Bcale  was  graduated  to  read  up  to  500°  Fahr.,  and  the  temperature 
usually  registered  was  about  350°  Fahr. ;  but  on  one  occasion  the  mercury 
rose  above  500°  Fahr.,  and  the  tube  was  burst.  At  the  time  of  the 
explosion  no  thermometer  was  in  use,  and  the  temperature  of  the  com- 
pressed air  was  not  known.  After  the  explosion,  a  pyrometer  was  fixed 
at  the  same  point  as  stated  above,  and  the  temperature  was  found  to 
range  from  400°  to  420°  Fahr.,  varying  with  the  speed  of  the  engine  and 
the  pressure  of  the  air  as  shown  in  Table  I.  The  air-compressing 
cylinders  were  also  indicated,  and  the  results  are  also  comprised  in 
Table  I. 

Table  I. 


a 

o'C 

'■*  p. 

K 

Right  Hand  Air-cylinder. 

Revolutions 
per  Minute. 

Maximum 

Indicated 

Pressure  in 

Air-cylinder. 

Pressure 
in  Air- 
receiver. 

Excess  of 
Pressure. 

Temperature 

of 

Compressed 

Air. 

Temper- 
ature of 
Engine- 
house. 

Temper- 
ature of 
Water 
at  Over- 
flow. 

1 

2 

3 
4 

48 
48 
24 
40 

Lbs.  per 
Square  Inch. 

62 
66 
67 

78 

Lbs.  per 
Square  Inch. 

50 
51 
60 
61 

Lbs.  per 
Square  Inch. 

12 

15 

7 

17 

Degrees 
Fahr. 
420 
400 
405 
400 

Degrees 

Fahr. 

80 

80 
80 
80 

Degrees 
Fahr. 
116 
116 
116 
122 

Left  Hand  Air-cylinder. 

5 
6 

7 
8 

24 
40 
48 
44 

71 
75 
59 

74 

60 
61 
42 
55 

11 
14 
17 
19 

420 
420 
410 
420 

83 
81 
81 
83 

104 
128 
128 
104 

Note. — The  temperature  outside  the  engine-house  was  60°  Fahr. 

From  statements  recorded  in  Table  I.,  it  will  be  noticed  that  the 
pressure  of  the  air  in  the  cylinders  at  the  end  of  the  stroke  exceeded  that  in 
the  air-receiver,  as  shown  on  the  air-pressure  gauge,  by  19  lbs.  per  square 
inch  as  a  maximum,  and  7  lbs.  per  square  inch  as  a  minimum.     The 
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difference  in  pressure  between  19  and  7  lbs.  is  probably  due  to  the 
varying  speeds  of  the  engines,  being  low  when  the  speed  was  slow  and 
increasing  generally  with  the  speed,  and  the  slight  deviation  from  this 
rale  probably  arose  from  some  difference  in  the  action  of  the  discharge- 
valves.  Generally  speaking,  when  the  air-compressor  was  running  at  a 
high  speed  the  increased  pressure  indicated  suggested  that  for  such 
speeds  the  area  of  the  discharge-valves  was  insufficient  to  allow  of  the 
air,  at  its  increased  velocity,  escaping  freely  at  the  end  of  the  stroke. 
The  discharge-valves  are  oblong  in  form,  and  hinged,  made  of  gun-metal, 
the  difference  of  area  on  the  upper  and  under  sides  being  due  to  the 
seating  ;  the  area  being  smaller  on  the  under  side,  adds  to  the  pressure 
required  in  lifting  the  valves  to  overcome  the  resistance  from  the 
pressure  in  the  air-receiver  and  pipes.  The  dimensions  and  areas  are  as 
follows  : — Upper  side,  17  inches  by  3*56  inches,  or  60*52  square  inches  ; 
under  side,  16*37  inches  by  3  inches,  or  49*11  square  inches.  If  we  take 
No.  1  experiment,  with  the  pressure  of  the  air  in  the  receiver  at  50  lbs. 
per  square  inch,  then  the  pressure  due  to  lifting  of  the  discharge-valve 
would  be  (60*52  x  50  -f-  49*11  =)  62  lbs.  per  square  inch,  which  agreed 
with  the  indicated  pressure,  and  showed  that  a  pressure  of  12  lbs.  per 
square  inch  was  required  to  lift  the  discharge-yalves.  Where  the  pressure 
required  to  lift  the  discharge-valve  is  more  or  less  than  that  due  to 
the  difference  of  the  areas  of  the  upper  and  lower  side  of  the  discharge- 
valve,  it  may  probably  be  owing  to  the  difference  in  the  speed  of  the 
engine  and  to  some  slight  difference  in  the  working  of  the  discharge- 
valve. 

Referring  to  the  temperatures  of  the  compressed  air  recorded  in 
Table  I.,  the  theoretical  temperature  of  the  air,  when  compressed  along 
the  adiabatic  curve  or  a  pressure-curve  corresponding  to  any  alteration 
of  volume,  and  assuming   that  heat  is  neither  gained  nor  lost  during 

compression,  is  given  by  the  formula  : —  j-  =  \  )  y  '  in  which  t  re- 
presents the  given  absolute  temperature  in  degrees  Fahrenheit ;  p  the 
absolute  pressure  of  air  in  pounds  per  square  inch ;  £,,  px  the  absolute 
temperature  in  degrees  Fahrenheit,  and  absolute  pressure  in  pounds  per 
square  inch  of  the  same  quantity  of  air  under  changed  conditions  ;  and 
7  =  1-408  constant.  For  instance,  what  should  be  the  temperature  of 
the  air  with  an  initial  temperature  of  80°  Fahr.,  when  compressed  to  a 
pressure  of  78  lbs.  per  square  inch,  as  shown  in  No.  4  experiment  ?  In 
this  case  p  is  14*70  lbs.  per  square  inch  above  a  vacuum  ;  pu  92*70  lbs. 
per  square  inch  above  a  vacuum,  or  78  lbs.  of  indicated  pressure  ;  /,  the 
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absolute  temperature  of  the  air,  when  its  initial  temperature  is  80° 
Fahr.,   is  (80°  +  460°=)    540°  Fahr.   at  the  pressure  p;    7,  1*408; 

^ ,  0*29  :  and  /],  the  absolute  temperature  of  the  air  compressed  to 

7 

92*70  lbs.  per  square  inch  is  found,  by  the  preceding  equation,  to  he 
1 6 1 '  1 3'  Fahr.,  showing  an  increase  of  temperature  during  compression  of 
381 '13°  Fahr.  The  temperature  registered  is  practically  61°  Fahr.  less 
than  the  theoretical  temperature,  showing  that  the  air  during  com- 
pression had  been  slightly  cooled.  If  the  initial  temperature  of  the  air 
when  entering  the  cylinder  had  been  50°  instead  of  80°  Fahr.,  the 
theoretical  temperature  due  to  the  same  pressure  as  in  No.  4  experiment 
would  be  409*96°  Fahr.,  or  51*17°  less  than  for  the  initial  temperature 
of  80°  Fahr.,  showing  the  advantage  to  be  gained  by  admitting  the  air 
into  the  cylinder  at  as  low  an  initial  temperature  as  possible. 

Table  II.  is  taken  from  a  reprint  of  a  lecture  on  Compressed-air 
Production  delivered  at  Sibley  College,  Cornell  University,  U.S.A.,  by 
Mr.  William  Saunders.  The  temperatures  shown  in  column  5  are  calcu- 
lated by  the  preceding  formula  from  an  initial  temperature  of  60°  Fahr. 

Table  II.— Heat  Produced  by  Compression  of  Air. 


Pressure. 

Volume. 

Temperature 

of  the  Air 

Throughout 

the 

Process. 

Degrees  Fahr. 

60  0 

Total 

Increase  of 

Temperature. 

In  Atmo- 
spheres. 

Above  a 
Vacuum. 

Above  the 
Atmosphere  or 
Gauge-pressure. 

1 

1-00 

Lbs.  per  Sq.  In. 

14-70 

Lbs.  per  Sq.  In. 

o-oo 

Cubic  Feet. 

1-000 

Degrees  Fahr. 

00  0 

110 

16-17 

1-47 

0-9346 

74-6 

14-6 

1  25 

18-37 

3-67 

0-8536 

948 

34-8 

1-50 

22-05 

7-35 

0-7501 

124-9 

64-9 

1-75 

25-81 

11-11 

0-6724 

151-6 

91-6 

2-00 

29-40 

1470 

0-6117 

175-8 

115-8 

2-50 

36-70 

22-00 

0-5221 

218-3 

158-3 

3-00 

44-10 

29  40 

0-4588 

255-1 

195-1 

3-50 

51-40 

36-70 

0-4113 

287-8 

227-8 

4  00 

58-80 

44-10 

0-3741 

317-4 

257-4 

5-00 

73-50 

58-80 

0-3194 

369-4 

309-4 

6*00 

88-20 

73-50 

0-2806 

414-5 

354-5 

7'00 

102-90 

88-20 

0-2516 

454-5 

394-5 

8-00 

11760 

102-90 

0*2288 

490-6 

430-6 

9-00 

132-30 

117-60 

0-2105 

523-7 

463-4 

10-00 

147-00 

132-30 

0-1953 

554-0 

494-0 

15-00 

220-50 

205-80 

0-1465 

681-0 

621-0 

20-00 

294-00 

279-30 

01195 

781-0 

721-0 

25-00 

367-50      • 

352-80 

0-1020 

864-0 

804-0 

(l) 

(2) 

(3) 

(4) 

(5)                       (6) 

The  diagram  (Fig.  4),  which  was  used  to  illustrate  Mr.  Saunders' 
lecture,  shows  graphically  the  heat  developed  in  compressing  air  with 
initial    temperatures   at   the   inlet-valves   of   0°,   60°,  and    100°  Fahr. 
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respectively.    It  will  be  observed  that  the  heat  developed  increases  in  a 
greater  ratio  for  the  higher  initial   temperature  than   Tor  the   lower 

one. 

Q-real  precautions  had  always  been  taken  at  Clifton  colliery  in  using 
an  oil  in  the  air-cylinders  having  the  highest  Hashing  and  ignition-points 
obtainable,  far  above  the  theoretical  temperature  due  to  the  working 
pressure.     The  oil  had  been  supplied  by  the  same  manufacturers  for 
more  than  20  years,  and  they  stated  that  the  flashing-point  was  55  i° 
Fahr.,  and  the  ignition-point  606°  Fahr.     Taking  the  temperatures  of 
the  compressed  air  given  in  Table  L,  it  will  be  seen  that  they  are  lower 
than    the   flashing   and    ignition-points    of    the   oil    used,  and   it   was 
considered  that  there  was  a  margin  of  safety  under  ordinary  conditions 
of  working.     When  the  explosion   occurred,  it  was   thought   that   the 
temperature  of  the  compressed  air  had  risen  from  some  cause  above  that 
of  the  flashing  and  ignition-points  of  the  oil,  and  so  caused  the  oil  to 
volatilize  and  by  some  means  to  initiate  the  ignition  of  the  vapour  so 
formed.     If  any  hot  compressed  air  were  left  in  the  cylinder  at  the 
moment  of  discharge,  the  incoming  air  at  the  next  stroke  would  be 
heated,  which  would  produce  a  high  initial  temperature,  resulting  in  a 
higher  temperature  of  the  compressed  air  at  the  end  of  the  stroke  than 
if   no   hot   air   had   remained   in   the   cylinder.     Then,  again,   by  the 
discharge-valve  sticking,  and  only  slightly  opening,  the  air  would  be 
throttled   and   compressed   to   greater  pressure,  with   a  corresponding 
increase  of  temperature,  than  if  the  discharge-valve  opened  properly  to 
allow  of  the  free  discharge  of  the  air.     And,  further,  any  defect  in  the 
discharge-valve  preventing  it  from   thoroughly  closing,  or  if  it  fitted 
badly  so  as  to  allow  of  a  leakage  of  hot  compressed  air  from  the  receiver 
into  the  cylinder,  would  cause  the  incoming  air  at  the  next  stroke  to  be 
heated  and  so  increase  the  initial  temperature  of  the  air,  and  also  the 
temperature  of  the  compressed  air  at  the  end  of  the  stroke.     It  would 
seem  possible,  by  any  of  the  means  stated,  to  momentarily  raise  the 
temperature  of  the  compressed  air  above  the  flashing  and  ignition-points 
of  the  oil,  and  so  volatilize  the  oil  into  a  condition  for  ignition,  but  it 
does  not  seem  so  easy  to  imagine  the  ignition  taking  place  in  the  absence 
of  a  spark  or  flame. 

Another  cause  for  the  explosion  was  suggested  by  the  makers  of  the 
oil  : — They  could  not  imagine  the  explosion  being  caused  by  the  use  of 
the  oil,  but  only  by  the  misuse  of  it,  implying  that  the  oil  had  been  used 
too  freely  in  the  air-cylinders.     The  sight-feed  lubricators  used  on  steam 
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cylinders  were  not  applicable  to  the  air-cylinders  ;  so  that  an  ordinary  oil- 
cnp  was  in  use.  About  J  pint  of  oil  was  put  into  the  oil-cup  on  each 
cylinder  four  times  during  the  working  day  of  10  hours,  or  say  J  pint 
per  day.  When  the  oil  was  put  into  the  cup  and  the  tap  slightly  opened, 
it  was  probable  that  all  the  oil  would  be  sucked  into  the  cylinder  during 
the  course  of  the  next  two  or  three  strokes.  This  method  of  feeding 
the  cylinders  with  oil  was  no  doubt  objectionable,  and  judging  from  the 
amount  of  the  deposit  of  oil  or  mixed  oil  and  coal-dust  found  in  the 
air-receiver,  it  would  appear  that  a  larger  quantity  of  oil  was  put  into 
the  air-cylinders  than  could  be  used  in  lubrication,  and  that  the  surplus 
was  carried  along  with  the  air  into  the  air-receiver.  It  was  also  thought 
that  the  flashing  and  ignition-points  of  the  oil  might  not  be  so  high  as  had 
been  stated  by  the  vendors  ;  and,  further,  that  the  deposit,  either  some 
residue  of  the  oil,  or  a  mixture  of  the  oil  and  fine  coal-dust,  found  on  the 
discharge-valves,  air-passages,  and  in  the  air-receiver,  had  in  some  way 
contributed  to  the  cause  of  the  explosion.  As  the  makers  of  the  oil 
suggested  that  an  independent  test  should  be  made  of  the  oil  and  the 
deposit,  a  sample  of  oil  taken  from  the  oil-can  in  use  at  the  time  of  the 
explosion  (marked  No.  1),  and  a  sample  taken  from  the  cask  in  the 
stores  as  it  was  received  from  the  makers  (marked  No.  2),  and  a  sample 
of  the  deposit,  were  submitted  by  the  manager  to  Mr.  Boverton  Redwood 
for  his  examination.  Mr.  Boverton  Redwood  reported  as  follows  :  — 
The  two  samples  of  oil  gave  the  following  results  : — 


Samples. 

Flashing-point. 
Close  Test. 

Flashing-point. 
Open  Test. 

Ignition- 
point. 

No.  1 

454°  Fahr. 

529°  Fahr. 

594°  Fahr. 

No.  2 

460°  Fahr. 

524°  Fahr. 

588°  Fahr. 

On  making  an  analysis  of  sample  No.  1,  I  found  that  it  yielded  21  per  cent,  of 
saponifiable  matter,  and  it  therefore  may  be  considered  to  consist  to  this  extent  of 
some  fixed  oil,  the  balance  being  mineral  oil.  The  term  fire-test  is  that  which  is 
usually  employed  in  the  trade  to  indicate  the  point  at  which  an  oil  when  gradually 
heated  in  an  open  cup,  in  an  instrument  constructed  for  the  purpose,  ignites  on 
the  application  of  a  flame  and  continues  burning. 

The  black  deposit  from  the  receiver  gave  the  following  results  :  — 
Volatile  matter       ...         ...         ...         ...         55*8  per  cent. 

Fixed  carbon  37*3         ,, 

Ash 6-9         „ 

As  the  proportion  soluble  in  ether  only  amounted  to  2  per  cent.,  it  is  probable 
that  the  deposit  largely  consists  of  something  in  the  nature  of  coal-dust,  though 
microscopic  examination  indicates  that,  if  coal  be  present,  it  is  in  a  very  finely 
divided  state.  You  are  probably  familiar  with  the  old  lecture-experiment  of  pro- 
ducing the  ignition  of  a  piece  of  tinder  inserted  in  the  closed  end  of  a  small  air- 
compressing  syringe,  and  you  will  therefore  readily  understand  that  the  presence  of 
any  inflammable  dust  in  the  atmosphere  of  an  air-compressor  may  produce  an  explo- 
sion.     1  have  also  had  experience  in  my  professional  work  of  the  effect  of  the  pre- 
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Bence,  in  an  at  mosphere  containing  inflammable  dust  of  even  a  very  small  proporl  Lon 
of  inflammable  vapour  in  increasing  the  risk  of  explosion.  It  is  possible  that  the 
presence  in  the  lubricant  of  a  fixed  oil  may  likewise  augment  the  liability  to  igni 
tion  when  the  air  in  the  cylinder  is  compressed,  as  fixed  oils  are  all  more  or  less 
oxidizable,  while  mineral  oils  are  practically  not  subject  to  that  action  under  such 
circumstances. 

As  the  results  of  Mr.  Boverton  Redwood's  tests  did  not  vary  much 
from  the  oil-makers'  Bguies,  as  to  the  flashing  and  ignition-points,  no 

fault  could  be  found  with  the  oil  in  those  respects.  Most  of  the  leading 
makers  of  high-grade  cylinder-oils  were  then  communicated  with,  and 
asked  whether  they  could  supply  an  oil  having"  higher  flashing  and  ignition- 
points  than  those  stated,  but  they  did  not  appear  able  to  do  so.  With 
such  high  temperatures  of  the  compressed  air,  as  given  in  Table  T.,  it 
was  now  considered  not  to  be  safe  to  use  oil  in  the  cylinders,  and  the 
makers  of  the  air-compressor  recommended  that  a  solution  of  soft  soap 
in  water,  in  the  proportion  of  1  pound  of  soft  soap  to  G  gallons  of 
water,  should  be  used  in  lieu  of  oil.  This  suggestion  was  adopted,  and 
the  mixture  of  soft  soap  and  water  was  used  for  several  weeks,  but  it 
was  found  not  to  sufficiently  lubricate  the  pistons  ;  the  cylinders  com- 
menced grooving,  and  they  would  soon  require  to  be  re-bored  ;  and  the 
clearance-space  between  the  piston  and  the  cylinder-cover  was  filled  up 
with  sediment  in  about  a  week  or  ten  days.  So  as  to  have  as  small 
a  quantity  of  sediment  as  possible  in  the  cylinder,  various  qualities  of 
soft  soap  were  tried,  the  best  and  purest  being  that  made  from  olive  oil. 
The  quantity  of  the  mixture  of  soft  soap  and  water  was  increased  from 
day  to  day,  until  9  gallons  per  day  were  used  in  each  cylinder  ;  but  still 
the  pistons  and  cylinders  were  not  sufficiently  lubricated,  and  the  clear- 
ance-space in  the  cylinders  was  filled  with  sediment  in  about  three 
days,  so  that  the  cylinder-covers  had  to  be  taken  off  every  three  or  four 
days  to  clean  out  the  sediment.  Another  difficulty  experienced,  in  lubri- 
cating the  cylinders  with  soft  soap  and  water,  was  that  the  water  was 
carried  to,  and  exhausted  from,  the  haiiling-engines,  which  would  in 
frosty  weather  have  caused  the  exhaust-ports  of  the  hauling-engines  to 
freeze  up.  It  is  probable  that  the  mixture  of  soft  soap  and  water 
put  into  the  cylinders  would  have  the  effect  of  cooling  the  air,  but  from 
what  has  been  previously  stated,  the  conclusion  was  come  to  that  the  use 
of  soft  soap  and  water  for  lubricating  the  pistons  and  air-cylinders  was 
not  satisfactory,  and  would  have  to  be  abandoned. 

Since  the  air-compressor  was  erected  at  Clifton  colliery,  more  than 
20  years  ago,  great  improvements  have  been  made  in  the  construction  of 
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air -compressors  in  this  and  other  countries,  both  in  efficiency  and  safety. 
The  makers  of  the  Clifton  air-compressing  machines  now  make  the  inlet- 
valves  and  discharge-valves  of  larger  area,  and  place  them  in  the  cylinder- 
covers.  They  are  also  made  on  the  compound  principle,  the  air  being 
compressed  in  the  first  cylinder  to  a  pressure  of  from  30  to  35  lbs.  ;  it 
then  passes  through  a  cooling  apparatus  to  the  second  cylinder,  where  it  is 
compressed  to  a  pressure  of  60  to  70  lbs.  per  square  inch.  In  some  air- 
compressors  the  inlet  and  discharge-valves  are  controlled  by  a  positive 
valve -motion,  instead  of  opening  and  closing  automatically.  By  these 
improvements,  the  air  enters  the  cylinder  through  the  inlet-valves  and 
is  discharged  through  the  outlet-valves  more  freely  than  in  the  old  form 
of  valves,  and  is  also  kept  much  cooler  than  it  is  by  single  stage  com- 
pression. The  Clifton  colliery  air- compressors  were  dealt  with  in  their 
original  construction,  by  seeking  some  remedy  for  cooling  the  com- 
pressed air  below  the  temperatures  shown  in  Table  I. 

The  importance  of  keeping  the  compressor-house  as  cool  as  possible, 
in  order  to  have  a  low  initial  temperature,  had  not  been  ignored,  but 
owing  to  the  fact  that  coal-sorting  was  carried  on  quite  close  to  the 
engine-house  windows,  those  nearest  to  the  air-cylinders  were  generally 
kept  closed  to  exclude  the  dust  as  much  as  possible  ;  but  even  then,  it 
is  probable  that  coal-dust  in  a  finely  divided  state  was  imperceptibly 
drawn  into  the  air-cylinders.  These  conditions  were  not  present  at  the 
time  when  the  compressor  was  erected,  and  it  is  only  a  few  years  since  the 
necessity  arose  for  the  coal-sorting  to  be  done  near  the  compressor-house. 

When  the  compressors  at  Clifton  colliery  were  erected,  and  until  the 
explosion  took  place,  the  water-tanks,  which  enclosed  the  air-cylinders, 
allowed  the  water  to  enter  near  the  bottom  and  rise  to  the  height  in- 
dicated at  the  point  HH1  (Fig.  3,  Plate  XXXI.),  where  it  overflowed.  The 
quantity  of  cold  water  supplied  to  each  cylinder  was  about  6  gallons  per 
minute,  and  the  temperature  (about  60°  Fahr.)  increased  very  slightly  as  it 
approached  the  overflow,  until  within  about  6  inches  of  the  top,  and  where 
the  discharge-valves  and  air-passages  are  situated,  the  temperature  of 
the  water  at  the  overflow  averaged  116°  Fahr.  The  air-passages  and  the 
discharge-valve  chest,  the  hottest  parts  in  connexion  with  the  air-cylinder, 
which  should  have  been  covered  with  the  greatest  depth  of  water,  were 
left  bare.  The  water- tanks  were,  therefore,  raised  to  allow  of  the  water 
rising  and  overflowing  at  the  point  J  J1  (Fig.  3,  Plate  XXXI.).  It  will  be 
seen  that  the  discharge- valve  chest  covers  iT,  and  the  air-passages  E  are 
now  covered  with  water  to  a  depth  of  10  inches.  The  quantity  of  water 
supplied  at  Gx  and  G2  was  increased  to  1 3  gallons  per  minute  to  each 
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tank,  and  had  the  cfl'ect  of  reducing  the  temperature  of  the  compressed 
air  from  420°  to  850°  Fahr.,  and  the  temperature  of  the  water  in  the 
tanks  from  116°  to  86°  Fahr.,  when  the  engine  was  running  full  speed.    It 

was  now  considered  safe  to  again  use  oil  for  lubricating  the  pistons  and 
cylinders  The  old  oil-cups  were  removed  and  a  |  inch  snifting-valve 
was  fixed  on  each  air-cylinder.  The  oil  is  supplied  to  these  snifting-valves 
in  drops,  which  are  sucked  into  the  cylinder  drop  by  drop  by  the  action 
of  the  piston.  It  has  been  found  that  80  drops  of  oil  per  hour  are 
sufficient  to  keep  each  cylinder  well  lubricated,  and  scarcely  any  oily 
deposit  is  now  found  on  the  discharge-valves,  or  in  the  air-passages  and 
air-receiver,  as  compared  with  the  large  quantity  found  on  previous 
occasions  when  more  oil  was  used. 

With  the  view  of  ascertaining  the  cause  of  the  explosion,  Mr.  Henry 
Fisher,  the  manager,  communicated  with  Mr.  Boverton  Redwood  to  ask 
his  opinion  thereon,  and  with  Mr.  W.  L.  Saunders.  Mr.  Boverton 
Redwood  reported  as  follows  : — 

In  the  use  of  such  an  oil  as  that  which  I  have  just  examined  for  you  in  the 
internal  lubrication  of  air-compressing  cylinders,  in  which  the  temperature  of  the 
air  has  been  shown  by  the  pyrometer  to  be  as  high  as  600°  Fahr.,  there  would  be 
considerable  volatilization  of  the  more  volatile  hydrocarbons  present,  and  the 
mixture  of  vapour  and  air  thus  formed  might  doubtless  be  explosive  ;  but  the 
difficulty  is  to  account  for  its  ignition  in  the  absence  of  an  electric  spark  or  a  flame, 
or  contact  with  a  metallic  surface  heated  to  a  sufficiently  high  temperature.  I 
have,  however,  already  suggested  that  such  a  deposit  as  that  which  I  analysed  for 
you  some  time  ago  might  become  ignited,  and  that  in  its  turn  might  determine  the 
explosion  of  such  a  mixture  of  oil -vapour  and  air  as  I  have  described. 

Mr.  Wm.  Saunders  replied  as  follows  : — 

Ignition  in  compressed-air  discharge-pipes  and  passages  is  not  uncommon  in 
America.  At  times  this  ignition  is  in  the  nature  of  an  explosion.  Two  air- 
receivers  were  blown  up  during  the  construction  of  the  New  York  aqueduct,  and  in 
one  case  the  engine-room  was  destroyed  by  fire  resulting  from  the  explosion. 
We  have  also  records  of  two  other  cases  where  spontaneous  explosions  in  air- 
receivers  have  resulted  in  the  destruction  of  the  engine-room  by  fire.  Other 
instances  occur  where  ignition  takes  place  near  the  air-compressor,  the  pipes 
becoming  red  hot  at  the  joints.  This  ignition  has  been  known  to  extend  into  the 
air-receiver,  and  in  one  instance  the  flames  were  carried  down  into  the  mine  by 
the  compressed  air. 

It  is  plain  that  the  cause  of  the  explosion  or  ignition  is  an  increase  of  tempera- 
ture above  the  flashing-point  of  the  oil  which  is  used  to  lubricate  the  compressors. 
A  thick  or  cheap  grade  of  cylinder-oil  should  never  be  used  in  an  air-compressor. 
Thin  oil  which  has  a  high  flashing-point  and  which  is  as  free  from  carbon  as  con- 
ditions of  lubrication  will  admit,  is  the  best  oil.  If  the  temperature  of  the  air 
before  admission  to  the  compressor  is  60°  Fahr.,  and  it  is  compressed  to  58*8  lbs. 
gauge -pressure,  the  final  temperature,  where  no  cooling  is  used  during  compression, 
will  be  369-4°  Fahr.,  or  a  total  increase  of  309*4°  Fahr.     If  air  admitted  at  60° 
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Fahr.  is  compressed  without  cooling  to  73*5  lbs.  gauge-pressure,  the  final  tem- 
perature will  be  414-5°  Fahr.,  and  the  total  increase  of  temperature  354 '5°  Fahr. 
Under  such  circumstances  the  question  naturally  arises,  how  is  it  possible  when 
using  oil  with  an  iguition-point  of  600°  Fahr.  to  obtain  ignition,  especially  as  water- 
jackets  and  ot  her  methods  of  cooling  are  used  which  should  have  reduced  the  final 
temperature  ?  The  figures  are  also  based  on  dry  air  which  increases  in  tempera- 
ture durino-  compression  to  a  greater  degree  than  moist  air,  and  it  is  known  that 
air  that  is  used  in  compressors  is  never  very  dry.  The  theoretical  figures  show 
that  in  order  to  get  ignition  with  the  oil  mentioned,  the  gauge -pressure  should  be 
about  200  lbs.  per  square  inch,  where  no  cooling  takes  place.  It  is  plain  that  there 
must  be  an  increase  of  temperature,  or  ignition  would  not  take  place.  This  in- 
crease of  temperature  may  result  either  from  increase  ,of  pressure  which  is  not 
recorded  on  the  gauge,  or  there  may  be  an  :  increase  of  temperature  without  a  cor- 
responding increase  of  pressure.  A  badly  designed  compressor  with  inefficient 
discharge-passages  might  cause  trouble  by  increasing  the  pressure,  momentarily 
carrying  with  it  a  higher  temperature.  But  we  have  known  instances  where 
ignition  has  occurred  in  a  well  designed  system,  hence  we  must  look  for  other 
causes.  In  our  judgment,  the  majority  of  cases  may  be  traced  to  an  increase  of 
temperature  without  a  corresponding  increase  of  pressure  ;  this  increase  of  tem- 
perature can  only  be  excessive  where  the  temperature  of  the  incoming  air  is 
excessive.  A  hot  engine-house  from  which  air  is  drawn  into  the  cylinder  is  a  bad 
condition.  We  have  known  cases  where  the  incoming  air  was  drawn  from  the 
neighbourhood  of  the  boilers,  the  temperature  being  close  to  150°  Fahr.  This 
means,  of  course,  that  if  the  total  increase  of  temperature  when  air  is  compressed 
to  73-5  lbs.  gauge-pressure  is  354-5°  Fahr.,  the  temperature  of  the  initial  air  should 
be  added  to  this  figure,  and  thus  the  final  temperature  might  be  504-5°  Fahr. 

But  we  have  known  ignition  to  take  place  when  the  temperature  of  the  in- 
coming air  was  normal,  when  the  discharge-passages  and  pipes  were  free  and  of 
ample  area,  hence  we  must  look  for  some  other  cause.  The  only  possible  explana- 
tion is  that  the  temperature  of  the  incoming  air  is  made  excessive  by  the  sticking 
of  one  or  more  of  the  discharge-valves,  or  fitting  badly  in  their  seating,  thus  letting 
some  of  t  he  hot  compressed  air  back  into  the  cylinder  to  influence  the  temperature 
before  compression,  and  it  is  not  difficult  to  understand  a  leaky  discharge -valve 
letting  enough  air  back  into  the  cylinder  to  increase  the  initial  temperature  to 
200°  or  300°  Fahr.  If  so,  and  we  are  compressing  air  to  73*5  lbs.  gauge-pressure, 
we  have,  say  300°  temperature  in  the  free  air  before  compression,  and  as  the 
increase  is  354*5°  the  resulting  temperature  might  be  654*5°  Fahr. 

As  a  remedy,  we  would  suggest  more  care  in  selecting  the  best  air-compressor, 
and  in  frequent  cleaning  of  the  discharge-valves  and  passages.  The  best  air-com- 
pressors are  built  so  that  the  discharge-valves  may  be  readily  removed  ;  these 
valves  should  be  cleaned  regularly  once  a  week  by  the  engineer,  who  should  make 
sure  that  they  fit  properly.  It  is  impossible  to  get  good  lubricating -oil  that  is  free 
from  carbon,  hence  there  will  always  be  more  or  less  carbon  deposited  on  the  dis- 
charge-valves, but  this  must  not  be  allowed  to  accumulate. 

Tnter-coolers  between  the  air-cylinders,  and  after-coolers  between  final  cylinder 
and  receiver  are  also  recommended.  The  best  inter-coolers  are  made  of  nests  of 
brass  tubes,  the  air  passing  around  the  tubes  and  water  through  them,  hence  there 
is  a  thorough  splitting  up  of  the  air  and  efficient  cooling.  One  of  these  coolers 
located  in  the  discharge-pipe  will  absolutely  prevent  the  passage  of  flame  and  will 
ensure  the  protection  of  the  mine  against  fire,  even  though  there  be  ignition  at  or 
near  the  air-cylinder.* 

*  Compressed  Air  [New  York],  July,  tb97,  page  257. 
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The  published  accounts  of  explosions  that  have  occurred,  owing  to  the 
high  temperatures  developed  during  compression  of  air,  give  some  idea  of 
the  dangers  attending  such  temperatures,  and  it  is  very  desirable  that 
they  should  be  mitigated  as  far  as  possible. 

Table  I  IT.  will  enable  a  comparison  to  be  made  of  the  different  con- 
ditions under  which  explosions  and  ignitions  have  taken  place  in 
air-compressing  plants,  and  although  other  explosions  have  occurred  in 
this  country,  and  on  the  continents  of  Europe  and  America,  the  details 
have  not  been  published,  so  far  as  the  writer  is  aware. 

Table  III. 


Name  of  Colliery. 

Speed 

of 
Engine. 

Oils  for  Lubricating 
Air-cylinders. 

Working 
Pressure 
in  Air- 
receiver. 

Tempera- 
ture of 
Compressed 
Air. 

Remarks  as  to 

Presence  or 

otherwise  of 

Coal-dust. 

Flashing- 
Point. 

Degs.Fahr. 

365 

Ignition- 
Point. 

*  Ryhope 

Revols. 
23  to  24 

Degs.  Fahr. 

Lbs.  per 

Sq.  Inch. 

50 

Degs.  Fahr. 

Coal-dust  present. 

fNewbattle  ... 

— 

295 

— 

50 

320  to  370 

No  dust. 

+  Kaiserstuhl  I. 

32 

523 

675 

70 

— 

Coal-dust  present,  cot- 
ton-wool filters  used. 

HClifton 

48 

529 

594 

60 

400  to  420 

Coal-dust  present. 

0) 

(2) 

(3) 

(4) 

(5) 

(6) 

*  Air-receiver  and  pipes  in  shaft,  etc.,  destroyed.        t  No  explosion  and  no  damage.        t  Air-receiver 
destroyed,  and  much  damage  done.        ||  Explosion  in  air-receiver,  but  no  damage  done. 

The  difference  in  the  results  of  the  four  accidents  will  be  seen  in  the 
column  of  remarks.  Serious  damage  occurred  through  the  bursting  of  the 
air-receivers,  and  pipes  at  both  Ryhope  and  Kaiserstuhl  I.  collieries; 
but  at  Newbattle  and  Clifton  collieries,  no  damage  was  done  to  the  plant, 
the  accident  at  Newbattle  being  a  simple  ignition  in  the  pipes  leading 
from  the  air-compressor  to  the  air-receiver ;  whilst  at  Clifton  the  ignition 
spread  to  the  air-receiver,  where  a  quantity  of  inflammable  vapour  was 
exploded.  In  column  6,  it  will  be  noted  -that  no  coal-dust  was  present 
in  the  air  at  Newbattle ;  and  at  Kaiserstuhl  I.,  cotton-wool  filters  were  used 
to  keep  out  the  dust,  so  that  if  the  filtration  was  effective,  then  it  may 
be  assumed  that  both  these  accidents  arose  from  the  decomposition  of  the 
surplus  oil,  which  was  carried  from  the  air-cylinders,  and  deposited  in  the 
pipes  and  air-receivers.  With  regard  to  these  oils,  the  flashing-points 
given  vary  considerably,  and  whilst  nothing  is  known  as  to  the  ignition- 
point  of  the  oils  used  at  Ryhope  and  Newbattle,  those  at  Kaiserstuhl  I.  and 
Clifton  are  tabulated,  and  it  would  be  difficult  to  imagine  that  any  danger 
existed  in  using  oils  giving  such  good  results.  Referring  to  column  5,  it 
would   appear   that   the   temperature   of   the   compressed  air   had  been 
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registered  at  Newbattle  only,  at  the  time  of  the  accident,  and  that  no 
attached  thermometer  was  in  use  at  the  other  collieries,  the  temperature 
of  the  compressed  air  at  the  Clifton  colliery  being  taken  after  the  accident, 
but  under  precisely  the  same  conditions  of  working. 

Both  the  manager  and  the  writer  have  formed  an  opinion  as  to  the 
cause  of  the  explosion  of  the  air-compressors  at  Clifton  colliery.  It  has 
been  made  evident  that  the  temperature  of  the  compressed  air  had  been 
and  can  be  raised  to  such  a  degree  as  to  volatilize  the  oil  into  a  vapour 
in  the  condition  for  ignition  ;  but,  as  Mr.  Boverton  Redwood  and  Prof. 
Bedson  have  pointed  out,  it  is  difficult  to  explain  how  the  oil-vapour  can 
be  ignited  by  a  still  further  rise  in  temperature,  unless  a  spark  or  flame 
bo  produced  in  contact  with  the  vapour.  We  think  that  it  is  possible  for 
a  spark  to  be  produced  in  the  cylinder  by  the  friction  of  the  piston  if 
allowed  to  work  in  a  dry  state,  and  also  in  the  discharge-valve  chest  for 
the  same  reason,  with  the  form  of  valve  used  in  these  air-compressors. 
Prof.  Bedson,  writing  of  the  Ryhope  and  Newbattle  explosions,  refers  to 
the  possibility  of  the  oil  and  the  deposit  oxidizing,  and  thus  producing 
sufficient  heat  to  ignite  the  explosive  mixture.  From  the  incandescent 
state  in  which  the  deposit  had  evidently  been,  and  assuming  that  it  con- 
tained some  coal-dust,  which  is  almost  certain,  making  it  more  readily 
oxidizable,  the  probability  is  that,  by  the  large  quantity  of  air  at  a 
high  temperature  continually  passing  over  it,  it  became  oxidized  and 
spontaneously  took  fire,  and  so  ignited  the  inflammable  mixture  of  oil- 
vapour  and  air. 

The  lessons  to  be  learned  from  the  explosions  described  in  this  paper 
and  in  the  appendix  are  : — 

1. — The  atmosphere  in  the  engine-house  must  be  kept  as  cool  as 
practicable,  so  as  to  admit  the  air  to  the  compressing-cylinder  at  as  low 
an  initial  temperature  as  possible.  Passing  the  inlet-air  through  a 
freezing  mixture  has  been  suggested  for  the  purpose. 

2. — The  inlet-valves  and  discharge -valves  must  be  made  of  as  large 
an  area  as  practicable,  and  so  as  to  freely  open  and  close.  The  valves 
are  preferably  made  to  open  and  close  by  positive  valve-gear,  actuated  by 
the  engine,  instead  of  automatically  opening  and  closing. 

:3. — The  temperature  of  the  air  must  be  kept  as  low  as  possible 
during  compression,  by  surrounding  the  cylinders  and  covering  all  air- 
].  .ssages  and  discharge-valve  chests  with  water  in  jackets,  and  providing 
for  the  constant  circulation  of  an  ample  supply  of  cold  water  through 
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the  jackets  :  and  also  by  compounding  or  compressing  the  air  in  two 
stages,  and.  in  addition  to  cooling  as  above,  forcing  the  air  through  a 
cooling  apparatus  between  the  low-pressure  and  high-pressure  cylinders. 
Water-spray  injections,  together  with  compounding,  have  been  introduced 
by  Trot'.  R-iedler  in  Paris,  and  are  said  to  yield  good  results. 

4. — A  thermometer  must  be  kept  affixed  to  the  air  discharge-pipes 
as  near  as  practicable  to  the  discharge- valve  chest,  and  in  sight  of  the 
engineman,  bo  register  the  temperature  of  the  compressed  air;  and  if  the 
temperature  exceeds,  say,  350°  Fahr.,  the  engine  must  be  stopped  until 
the  air  has  cooled  down. 

r>. — An  oil  shall  only  be  used  in  the  cylinders  having  the  highest 

flashing  and  ignition-points  obtainable,  and  only  in  such  quantity  as  is 

necessary  for  the  efficient  lubrication  of  the  pistons  and  cylinders,  so  as 

to  avoid  the  accumulation  of  any  surplus  oil  on  the  discharge-valves,  air- 

3,  and  receiver. 

(I. — As  far  as  possible,  coal-dust  must  be  prevented  from  being  drawn 
into  the  air-cylinder  along  with  the  air  through  the  inlet-valves.  Passing 
the  air  through  cotton-wool  filters  in  front  of  the  inlet-valves  has  been 
suggested  for  this  purpose. 

7. — The  discharge-valves,  air-passages,  and  air-receivers  must  be 
always  kept  clean  and  free  from  all  oily  or  other  deposit. 

The  object  that  the  writer  had  in  view  in  bringing  this  subject  before 

the  members  of  this   Institution  was  to  draw  attention  to  some  very 
ions  conditions  which  may  be  present  in  many  air- compressing  plants 

at  work  even  to  day,  conditions  which,  if  not  discovered  and  removed, 

may  cause  accidents  and  even  loss  of  life. 

In  conclusion,  the  writer  would  wish  to  thank  Mr.  Henry  Fisher, 
nt  and  manager  of  the  Clifton  colliery,  for  the  valuable  assistance 

and  information,  given  so  readily,  in  the  preparation  of  this  paper. 


APPENDIX. — Supplementary  Notes  on  Explosions  in  Air-compressors 

AND    AlR-RECEIVERS. 

Ryhope  Colliery.* 
On  March  1st,  1883,  an  explosion  occurred  in  the  air-receiver  on  the  surface 
and  in  the  pipes  in  the  shaft  at  Ryhope  Colliery,  causing  considerable  damage. 
The  main  points  of  interest  in  connexion  with  this  explosion,  which  are  taken  from 
the  above  report,  are  as  follow  :  The  air- compressors  had  two  air-cylinders,  33 
inches  in  diameter  and  5  feet  stroke,  fitted  with  water  jackets,  the  ends  as  well  as 

"  Report  of  the  Committee  appointed  to  inquire  into  the  Explosion  of  an  Air- 
receiver  at  Ryhope  colliery,"  drawn  up  by  Mr.  M.  Walton  Brown,  with  an 
appendix  by  Prof.  P.  P.  Bedson,  Tram.  N.E.  Inst.,  vol.  xxxvii.,  page  197. 
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the  sides  being  supplied  with  water  for  cooling  purposes.  The  usual  speed  of  the 
engines  varied  from  23  to  24  revolutions  per  minute.  The  lubricant  used  at  the 
time  of  the  explosion  was  a  mixture  consisting  of :  —  Soft  soap  2  lbs. ,  mineral  oil 
^  gallon,  and  water  ^  gallon,  and  1  gallon  of  the  mixture  was  poured  into  the 
suction-valves  of  the  two  cylinders  every  2  hours. 

The  No.  1  air-receiver  on  the  surface,  which  exploded,  was  an  egg-ended  boiler, 
6  feet  in  diameter  by  29  feet  long,  arranged  to  blow  off  at  a  pressure  of  50  lbs.  per 
square  inch,  from  which  the  air  was  taken  down  the  shaft  (about  1,500  feet)  by 
malleable  iron  pipes  9  inches  in  diameter  to  No.  2  air-receiver  (4  feet  in  diameter 
by  12  feet  long),  and  thence  to  three  hauling-engines. 

The  explosion  occurred  at  10*40  p.m.,  and  was  accompanied  b}^  bright  flames 
from  20  to  30  feet  high,  which  immediately  subsided,  leaving  a  fierce  fire  burning 
brightly  within  the  receiver.  The  engineman  was  struck  on  the  head  with  some 
flying  debfix,  and  rendered  unconscious  for  a  time.  No  thermometer  was  in  use  at 
the  time,  but  it  was  stated  that  the  temperature  of  the  compressed  air  was  usually 
about  1 80°  Fahr. ,  but  had  been  registered  at  300°  Fahr.  The  pipes  leading  from 
the  air-cylinder  to  No.  1  air-receiver  had  not  been  cleaned  for  12  months 
previous  to  the  accident,  and  when  afterwards  examined  a  deposit  1^  inches  thick 
was  found  in  the  bottom  of  the  pipes  ;  this  deposit  extended  into  No.  1  air- 
receiver,  where  it  was  found  all  over  the  bottom  to  the  depth  of  about  2  inches. 
The  deposit  was  evidently  a  mixture  of  coal-dust  and  the  lubricant  carried  over 
from  the  air-cylinders. 

The  receiver  was  blown  into  four  pieces,  one  end  was  nearly  blown  off,  being 
ripped  open  and  laid  out  flat.  The  plates  had  evidently  been  subjected  to  intense 
heat.  Some  other  damage  was  done  on  the  surface,  and  the  pipes  and  the  brattice- 
wall  in  the  shaft  suffered  most  seriously.  At  the  depth  of  762  feet,  one  segment  of 
the  cast-iron  tubbing  was  found  blown  about  \  inch  outwards  from  the  pit ;  at 
1,080  feet,  several  pipes  were  partially  split  open  ;  from  1,200  to  1,272  feet,  the 
pipes,  brick -brattice,  side-bun  tons,  etc.,  had  all  fallen  down  the  pit.  The  pipes 
and  brattice  lower  down  the  shaft  were  also  much  damaged.  No.  2  air-receiver, 
at  a  depth  of  about  1,500  feet,  was  displaced,  and  had  fallen  to  the  bottom 
of  the  pit.  The  effect  of  the  explosion  was  felt  at  considerable  distances  from 
the  shaft,  an  air-crossing  being  lifted  at  a  point  about  3,000  feet  inbye. 

As  to  the  cause  of  the  explosion,  it  was  thought  possible  that  the  flashing- 
point  of  the  mineral  oil  forming  part  of  the  lubricant  used  in  the  air-cylinders 
might  have  been  lower  than  the  temperature  of  the  compressed  air  ;  in  which  case 
the  receiver  might  have  been  filled  with  an  explosive  mixture  of  air  and  oil- 
vapour.  The  oil,  being  tested,  showed  that  at  230°  Fahr.  about  1  per  cent,  was 
volatilized  daily,  and  at  500°  Fahr.  about  9  per  cent.  :  the  flashing-point  being 
365°  Fahr.  It  seemed  difficult  to  understand  how  an  explosive  mixture  could  be 
formed  in  the  air-receiver  owing  to  the  considerable  excess  of  air  which  would  be 
present,  or  how  it  could  be  ignited. 

Prof.  P.  P.  Bedson,  at  the  request  of  the  committee,  made  experiments  "to  ascer- 
tain the  temperatures  at  which  coal-dust  alone  and  the  deposit  found  in  No.  1 
air-receiver  were  ignited,  when  heated  in  a  current  of  air  at  ordinary  and  higher 
pressures.  It  was  found  impossible  to  produce  combustion  of  the  deposit,  although 
the  temperature  of  the  air  at  atmospheric  pressure  was  raised  to  450°  Fahr. ;  but, 
with  coal-dust  alone,  ignition  took  place  at  a  temperature  of  291°  Fahr.,  and  the 
mass  finally  glowed  with  a  dull  red  heat.  Further  experiments  were  made  with 
air  at  a  pressure  of  60  lbs.  per  square  inch,  the  results  of  which  showed  that  the 
temperature  of  ignition  of  coal-dust  was  the  same  as  with  air  at  ordinary  pressures, 
but  when  ignition  occurred,  a  more  intense  heat  was  produced,  as  shown  by  the 
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ooking  of  the  dust.  It  appears  to  be  highly  probable  that  under  a  pressure  of 
60  lbs.  per  Bquare  Lnoh,  the  deposit,  consisting  of  a  mixture  of  coal-dust,  mineral 
oil.  soft  soap,  and  moisture,  might  have  been  ignited  in  the  same  manner  as  in 
the  experiments  with  the  coal-dust,  although  no  such  phenomenon  was  produced 
in  the  experiments.  This  supposition  receives  .some  support  from  the  evidence  of 
heating  in  the  various  parts  of  No.  1  air-receiver.  It  seems  possible,  therefore, 
assuming  that  the  deposit  was  in  a  state  of  ignition,  for  destructive  distillation 
of  a  j  tort  ion  of  the  deposit  to  take  place,  forming  considerable  volumes  of  com- 
bustible gases,  which  would  be  exploded  as  soon  as  the  mixture,  consisting  of  the 
proper  proportions  of  air  and  the  gas  (from  the  distillation  of  the  oil  and  coal- 
dust  contained  in  the  receiver),  was  ignited  by  the  burning  deposit."* 

Prof.  Bedson,  in  concluding  his  remarks  upon  his  experiments,  said  that :  "(1) 
It  is  shown  that  with  an  easily  oxidizable  material,  such  as  coal-dust,  it  is  only 
accessary  to  accelerate  the  oxidation  by  heating  the  dust,  in  contact  with  air,  to  a 
temperature  within  the  limits  of  those  likely  to  be  reached  in  compressing  air  to 
58  lbs. ,  in  order  to  bring  about,  in  the  co'urse  of  time,  the  ignition  of  the  dust. 
(2)  These  results  have  been  possible,  even  when  experimenting  with  a  compara- 
tively small  amount  of  material,  an  influence  of  importance,  as  is  shown  by  the 
results  obtained  in  the  two  different  series  of  experiments  made,  the  conditions  of 
which  differed  essentially  only  in  the  amount  of  coal  operated  upon.  In  the  second 
series,  with  1  oz.,  a  temperature  of  356°  Fahr.  was  required  for  ignition;  whilst  in 
the  third  series,  with  10  ozs.,  the  temperature  required  was  reduced  to  291°  Fahr. 
Despite  the  fact  that  the  one  or  two  experiments  made  with  the  deposit  found  in 
the  Ryhope  air-receiver,  made  under  conditions  similar  to  those  in  which  coal-dust 
was  successfully  ignited,  were  not  in  a  like  manner  successful  ;  still,  as  there  can 
be  no  doubt  that  this  material  is  of  a  nature  somewhat  akin  to  the  coal-dust 
entering  so  largely  into  its  composition,  and,  like  it,  capable  of  being  oxidized  by 
the  oxygen  of  the  air,  the  constant  exposure  of  this  substance  to  the  action  of  air 
heated  by  compression  must  result  in  the  acceleration  of  the  oxidation,  and,  as 
with  the  coal-dust,  in  a  rise  in  temperature,  until  in  some  portion  of  the  mass  local 
ignition  commences.  Combustion  once  begun  at  any  point  in  the  mass,  the  con- 
ditions are  mt>st  favourable  to  its  rapid  extension.  Further,  the  heat  generated 
by  a  combustion  of  a  portion  of  the  mass  might  serve  to  distil  destructively 
neighbouring  posticus,  and  thus  give  rise  to  the  formation  of  combustible  gases, 
which,  mixing  with  air,  would  form  an  explosive  mixture.  An  explosive  mixture 
formed  under  these  conditions  would  be  readily  ignited  by  contact  with  the  already 
burning  material. "+ 

The  writer  is  informed  that,  since  the  accident  occurred  at  Ryhope  colliery,  the 
air-compressor  has  been  altered  so  as  to  compress  the  air  in  two  stages  with  inter- 
mediate cooling,  which  greatly  reduces  the  temperature  in  the  air-cylinders  and 
passages. 

NewbattU  Colliery ',  Dalkeith.^ 

On  February  13th,  1888,  an  ignition  took  place  at  Newbattle  colliery  in  the 
pipes  leading  from  the  air-compressors  to  the  air-receiver,  about  50  feet  distant, 
without,  however,  causing  any  damage  beyond  blowing  out  some  of  the  joints  of 

*  Trail*.  N.E.  bid.,  vol.  xxxvii.,  page  203.  f  Ibid.,  page  212. 

X  "The  Danger  Attending  the  Use  of  Light  Mineral-oils  for  Lubricating  Air- 
^pressing  Machinery,"  by  Mr.  John  Morison,  Trans.  N.E.  Inst.,  vol.  xxxviii., 
page  3. 
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the  pipes.  The  air-receiver  worked  up  to  a  pressure  of  50  lbs.  per  square  inch, 
and  was  blown  off  daily.  The  single  air-cylinder,  24  inches  diameter  by  4  feet 
stroke,  was  fitted  within  a  water-tank  in  the  usual  way,  which  caused  the  cylinder 
to  be  surrounded  by  water.  The  temperature  of  the  compressed  air  at  50  lbs. 
pressure  varied  from  320'  to  370°  Fahr.  A  short  time  previous  to  the  ignition, 
the  engineman  had  noticed  that  the  pipes  leading  to  the  air-receiver  were  un- 
usually hot,  but  did  not  attach  much  importance  to  the  fact ;  soon,  however,  the 
pipe-joints  began  to  blow,  sparks  were  seen  issuing  with  the  air,  and  the  pipes 
became  nearly  red-hot.  When  the  joints  were  broken  to  examine  the  pipes,  their 
interior  was  found  to  be  coated  with  a  charred  deposit,  the  residue  of  the  com- 
bustion of  lubricating-oil  which  had  been  used  in  the  air-cylinder  and  gradually 
deposited  in  the  pipes      This  had  evidently  been  incandescent. 

Upon  enquiry  it  was  found  that  instead  of  lard-oil  being  used  for  lubricating 
the  air-cylinders,  according  to  the  instructions  given,  the  engineman  had  sub- 
stituted a  mixture  of  heavy  mineral  oil  and  an  oil  bought  as  "colza."  The 
flashing-point  of  the  former  was  480°  Fahr.,  and  of  the  latter  295°  Fahr.  There 
was  no  coal-dust  present,  and  Mr.  Morison  stated  in  his  paper  that— "The  absence 
or  presence  of  coal-dust  has,  I  think,  little  to  do  with  the  result  ....  for 
it  seems  evident  that  if  the  temperature  of  the  compressed  air  at  any  point,  say. 
beyond  the  discharge-valves,  is  360°  Fahr.,  which  is  possible  and  common  in  any 
compressor  working  without  special  means  of  cooling  beyond  the  water- jacketed 
cylinder,  the  temperature  at  some  point  in  the  interior  of  the  cylinder  at  the 
moment  of  maximum  compression,  and,  therefore,  when  the  discharge-valves  are 
open,  must  far  exceed  this,  and  would  be  sufficiently  high  to  vapourize  oil  such  as 
was  used  in  both  cases  and  by  flashing  to  ignite  the  vapour/'  * 

During  the  discussion  upon  Mr.  Morison's  paper,  Prof.  P.  P.  Bedson  wrote 
that— "As  will  be  seen  from  the  Appendix  to  the  Report  of  the  Ryhope  Com- 
mittee, I  concluded  that,  in  the  case  under  consideration,  the  chief  heat-producer 
was  to  be  found  in  the  carbonaceous  deposit  found  lining  the  pipes  and  receiver, 
the  production  of  heat  being  effected  by  the  oxidation  of  this  material  by  air 
passing  over  it  and  having  its  temperature  raised  by  compression.  To  simplify 
the  matter  I  experimented  with  certain  of  the  components  of  this  mixture,  and 
first  studied  the  effect  of  heating  coal-dust  alone  in  a  current  of  air,  with  the 
result  that  it  was  found  possible  to  ignite  the  coal-dust  by  heating  it  to  a  tem- 
perature varying  from  291°  to  320°  Fahr.  Further,  when  coal-dust  is  mixed 
with  30  per  cent,  of  its  weight  of  the  oil  used  at  Ryhope  as  a  lubricant,  the 
ignition  of  the  dust  takes  place  at  a  slightly  higher  temperature,  and  the  inflam- 
mation takes  place  more  slowly,  in  fact  the  coal-dust,  etc.,  do  not  ignite  until  the 

greater  proportion  of   the  oil  has  been  vapourized The  conclusion 

that  the  '  oil '  has  been  the  cause  in  both  cases  cannot  be  summarily  dismissed. 
.  .  .  .  Where  is  the  heat  to  come  from,  which  will  raise  the  vapour,  or  a 
portion  of  the  oil  to  its  ignition-point  ?  The  '  flashing-point '  must  not  be  confused 
with  the  '  ignition -point '  the  former  being  simply  the  temperature  at  which 
inflammable  liquid  gives  off  vapours  in  sufficient  quantity  to  be  ignited  by  a  light, 
the  latter  being  the  temperature  to  which  the  vapours  must  be  raised  in  order  that 
they  may  burn.  Whilst  the  oil  used  at  Newbattle  is  known  to  have  a  flashing- 
point  of  295°  Fahr.,  there  is  nothing  stated  with  regard  to  its  'ignition-point,'  or 
the  temperature  of  ignition  of  its  vapour.    I  am  not  aware  that  any  direct  experiments 

*  "The  Danger  Attending  the  Use  of  Light  Mineral-oils  for  Lubricating  Air- 
compressing  Machinery,"  by  Mr.  John  Morison,  Trails.  N.E.  Just.,  vol.  xxxviii., 
page  6. 
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have  been  made  bo  determine  the  temperature  of  ignition  of  the  vapours  given  off 
from  such  oils,  but  1  should  imagine  that  a  temperature  of  at  least  dull  redness  would 
be  required  to  start  ignition.  How,  then,  is  such  a  temperature  to  he  reached  *  My 
experiments  suggest  that  such  temperatures  can  be  obtained  when  working  air- 
eompressing  machinery,  such  as  that  used  at  Ryhope  or  Newbattle,  by  the  accumu- 
lation  of  the  heat  produced  by  the  slow  oxidation  of  the  lubricant  or  oxidizable 
materials  forced  into  the  receiver  and  pipes.  Consequently,  if  the  oil  is  to  be 
considered  the  sole  cause  of  the  phenomena,  it  must  be  demonstrated  not  only  that 
it  is  in  part  volatilized  at  the  temperatures  of  working,  but  that  it  undergoes 
oxidation  under  these  same  conditions,  and  that  the  heat  produced  would  suffice  to 
ignite  the  vapour  of  the  oil,  and  produce  the  charred  deposit,  such  as  Mr.  Morison 
1 1 escribes  as  existing  in  the  pipes  between  the  compressor  and  the  receiver.  If 
this  be  demonstrated,  and  I  do  not  see  that  it  is  impossible,  then  greater 
weight  must  be  given  to  the  part  played  by  the  oil  than  perhaps  I  have  done  in 
the  Appendix  to  the  Report  already  referred  to.  But,  if  it  is  a  question  between 
coal-dust  and  a  mineral  oil  as  heat-producers,  when  undergoing  slow  oxidation,  I 
should  imagine  that  the  preference  must  be  be  given  to  the  more  easily  oxidizable 
coal,  rather  than  to  the  stable  hydrocarbons  constituting  the  oils  used."f 

Kaiserstuhl  I.  Pit,  Dortmund,  Westphalia. 

An  explosion  took  place  on  April  30th,  1 896,  in  the  air-compressing  plant  at 
the  Kaiserstuhl  I.  pit  of  the  Westphalia  colliery  at  Dortmund,  which  was  attended 
with  serious  consequences.  Details  of  this  explosion  are  published  in  volume  xiv.f 
of  the  Transactions  of  The  Federated  Institution  of  Mining  Engineers. 


The  Chairman  (Mr.  G.  B.  Walker)  said  that  at  Wharncliffe  Silk- 
stone  colliery,  an  occurrence  similar  to  that  mentioned  by  Mr.  Lees  had 
taken  place,  though  not  on  a  violent  scale.  There  was  a  chance  of 
very  serious  results  accruing  from  the  emission  into  a  mine  of  the  burnt 
gases  from  the  receiver  when  the  oil  and  coal-dust  became  ignited.  He 
thought  that  Mr.  Lees  was  right  in  assuming  that  a  large  amount  of 
coal-dust  passed  into  the  cylinder  with  the  air.  The  floor  of  an  engine- 
house,  and  the  engine  itself,  if  not  continually  dusted,  were  covered  with 
fine  coal-dust ;  and  a  large  quantity  of  coal-dust  was  drawn  through  the 
cylinders,  and  thence  into  the  air-receivers.  Then,  oil  was  carried  with 
the  compressed  air  into  the  air-receiver,  and  a  deposit  took  place  in  the 
receivers  and  adjoining  pipes  in  almost  every  case.  He  was  afraid  that 
it  was  impossible  to  keep  coal-dust  out  of  the  cylinder  by  means  of 
filtering  through  cotton  wool  or  any  such  device,  as  the  in-draught  was 
too  strong.     If  once  a  month,  or  at  some  such  interval,  the  receivers 

*  "The  Danger  Attending  the  Use  of  Light  Mineral-oils  for  Lubricating  Air- 
compressing  Machinery,"  by  Mr.  John  Morison,  Tram.  N.E.  Inst.,  vol.  xxxviii., 
page  8.  +  Page  615. 
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were  cleaned  as  a  boiler  was  cleaned,  and  the  pipes  (so  far  as  they  could 
be)  were  scraped  by  means  of  scrapers  at  the  end  of  rods,  he  thought 
that  they  would  have  done  all  that  was  practicable  in  that  direction. 

Mr.  Gr.  J.  Binns  (Netherseal  colliery)  asked  whether  there  was  any 
record  dealing  with  the  changes  undergone  by  mineral  oils  when  main- 
tained continually  at  high  temperatures.  He  suggested  that  if  Mr. 
Boverton  Redwood  made  a  test  of  that  sort,  it  would  throw  some  light 
on  the  cause  of  these  disastrous  explosions.  He  used  soft  soap  entirely 
for  lubricating  air-compressing  machinery  ;  it  had  had  no  bad  effects  so 
far,  and  it  was  excessively  cheap,  as  they  used  so  very  small  an  amount. 
It  would  be  desirable  to  try  Mr.  Lees'  suggestion,  as  to  filtering  the  air, 
and  see  how  it  acted.  If  it  did  not  take  out  all  the  dust,  it  might  take 
out  a  great  proportion  of  it. 

Mr.  T.  G-.  Lees  said  that  he  was  not  aware  that  any  records  existed  of 
trials  of  the  changes  that  took  place  in  mineral-oil  subjected  to  high  tem- 
peratures for  a  lengthened  period,  and  he  thought  that  it  would  be  a 
difficult  matter  to  ascertain  by  experiment,  unless  the  same  conditions 
were  maintained  throughout  the  trials,  that  existed  in  the  inside  of  an 
air-compressing  cylinder.  Simply  keeping  the  oil  at  the  necessary  tem- 
perature and  pressure  for  a  certain  length  of  time  would  probably  not 
give  the  results  that  would  be  obtained  in  an  air-cylinder,  as  in  the  latter 
a  fresh  supply  of  oxygen  is  drawn  in  with  the  air  at  every  stroke,  thus 
intensifying  the  action  of  oxidation.  Ootton-wool  filters  (which  are  not 
the  writer's  suggestion)  had  been  adopted  on  the  continent  for  freeing  the 
air  from  dust,  and  were  in  use  at  the  Kaiserstuhl  I.  colliery,  Westphalia, 
at  the  time  of  the  recent  explosion. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Lees,  and  further 
discussion  was  adjourned. 


The  following  paper  by  Mr.  R.  Oremer  on  "  The  Walcher  Pneumato- 
phore,  and  the  Employment  of  Oxygen  for  Life-saving  Purposes,"  was 
read  : — 
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THE    WALCHER    PNEUMATOPIIORE,   AND    THE    EMPLOY- 
MUNT   OF   OXYGEN   FOR   LIFE-SAVING   PURPOSES. 


By  RICHARD  CREMER. 


Amongst  the  numerous  dangers  to  be  overcome  by  the  mining  en- 
gineer, that  arising  from  the  occurrence  of  poisonous  gases,  or  a  deficiency 
in  the  proportion  of  oxygen  in  the  atmosphere,  is  one  of  the  most  difficult 
to  be  encountered.  This  danger  may  be  caused  by  an  explosion  of  fire- 
damp, and  the  resulting  accumulation  of  after- damp,  by  stagnant 
accumulation  of  carbonic  acid,  or  by  underground  fires.  It  was  well 
known  how  much,  especially  in  recent  years,  the  safety  of  workmen, 
engaged  in  mines,  had  been  increased ;  and  it  was  cheering  to  note  that 
the  endeavours  to  reduce  the  number  of  fatalities  from  accidents,  by 
means  of  apparatus  and  arrangements  for  rescue,  showed  similar  results. 

The  first  necessity  for  the  rescue  of  endangered  lives  was  to  bring  the 
men  out  of  the  stupefying  influence  of  the  gases  into  a  respirable  atmos- 
phere, or  the  replacement  of  such  gases  by  fresh  air.  In  order  to  bring 
men  as  quickly  as  possible  out  of  the  deadly  influences  of  after-damp, 
much  ingenuity  had  been  directed  to  the  devising  of  apparatus,  which 
would  render  it  possible  for  the  rescuers  to  enter  and  remain  a  sufficient 
length  of  time  in  a  dangerous  atmosphere.  Of  such  appliances,  there 
were  at  present  a  considerable  number,  from  the  simple  device  of  a  sponge 
soaked  in  vinegar  to  the  most  ingenious  :  the  majority  having,  in  the 
first  instance,  been  devised  for  use  at  fires,  and  later  adapted  for  under- 
ground use. 

In  connexion  with  coal-mines,  the  want  of  such  apparatus,  in  the 
case  of  explosions  and  underground  fires,  had  been  more  especially  appre- 
ciated during  the  last  decade.  When  one  considered  that  in  the  case  of 
an  explosion  of  fire-damp  or  coal-dust,  by  far  the  greater  number  of 
fatalities  were  attributed  to  the  carbonic  acid  and  carbonic  oxide  con- 
tained in  the  after-damp,  it  appeared  an  obvious  duty  to  endeavour  to 
provide  ways  and  means  for  reducing,  as  much  as  possible,  the  loss  of  life 
due  to  this  cause.  Dr.  Haldane,  in  his  report  to  the  Home  Secretary  On 
the  Causes  of  Death  in  Colliery  Explosions  and  Underground  Fires,  proved 
that  80  per  cent,  of  the  fatal  cases  were  not  attributable  to  the  direct 
action  of  explosion,  but  to  the  after-damp  thereby  produced,  aud  that  a 
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large  proportion  of  these  lives  could  be  saved  if  the  victims  could  be 
quickly  brought  out,  or  if  the  after-damp  could  be  equally  quickly 
removed  by  ventilation. 

Of  the  appliances,  which  have  from  time  to  time  been  devised 
for  the  purpose  of  enabling  a  rescue-party  to  penetrate  into  irrespir- 
able  atmospheres,  two  classes  are  to  be  specially  distinguished.  The  first 
of  these  comprises  means  for  supplying,  through  a  flexible  pipe,  fresh 
air  for  breathing  to  the  rescuer.  Amongst  such  appliances  which  have 
been  introduced,  and  more  particularly  for  use  in  case  of  fires,  may  be  men- 
tioned the  apparatus  of  Messrs.  Denayrouze,  Miiller  von  Bremen,  Loeb,  and 
Stotz.  Although  these  appliances  may  have  been  used  more  or  less  suc- 
cessfully in  colliery  disasters,  and  under  favourable  conditions  may  be 
capable  of  rendering  very  efficient  service,  they  have  all  of  them  the 
great  disadvantage  for  colliery  use,  that  the  distance  to  which  the  rescuer 
can  penetrate  into  the  poisonous  or  irrespirable  atmosphere  is  limited  to 
at  most  300  feet,  and  his  own  life  depends  on  the  attention  and  exertion 
of  the  person  or  persons  supplying  or  forcing  the  air  to  him.  Moreover, 
such  apparatuses  have  the  great  defect  that  they  are  not  sufficiently  soon 
procurable  and  available.  Quite  otherwise,  and  of  much  greater  im- 
portance for  mines,  is  the  second  class  of  apparatus  which  permits  a 
rescue-party,  immediately  after  a  colliery-disaster,  to  penetrate  to  any 
required  distance  into  the  workings  filled  with  after-damp,  and  to  bring 
the  survivors  out  of  the  influence  of  the  dangerous  atmosphere,  and 
which  is  quite  independent  of  auxiliary  appliances  or  local  conditions. 
To  this  class  of  life-saving  apparatus  belong  respirators,  reservoirs,  and 
oxygen  apparatus,  or,  as  fittingly  defined  by  Dr.  Fillunger,*  those  in 
which  the  freedom  of  movement  of  the  user  is  unrestricted,  whilst  the 
time  of  use  is  restricted,  in  contradistinction  to  the  first-mentioned  class, 
in  which  the  time  is  unrestricted,  whilst  the  freedom  of  use  is  restricted. 

Of  the  apparatus  allowing  unrestricted  movement  only  the  oxygen- 
appliances  with  devices  for  revivifying  the  respired  breath  are  of  im- 
portance for  use  in  mines.  The  merit  of  producing  the  first  of  such 
apparatus  belongs  to  Prof.  Schwan  of  Belgium  ;  followed  later  by  the 
invention  of  Mr.  Henry  Fleuss,  of  London,  and  more  recently  by 
Messrs.  Von  Walcher-Uysdal  and  Gartner,  assisted  by  Mr.  Rossner,  who 
have  designated  the  apparatus,  constructed  by  them,  the  "pneumato- 
phore." 

The  principle  at  the  root  of  all  the  three  inventions  is  the  same — 


*  (( 


Respiratory  Life-saving  Apparatus  for  Mines,"  etc.     Oenterreichiache  Zeit- 
nchri/t  fur  Berg-  and  Hitttenweaen,  vol.  xliv.,   1896,  pages  581-585  and  591-598; 

and  Trans.  Fad.  lust.,  vol.  xii.,  page  G93. 
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viz.,  revivification  of  the  respired  air,  and  the  replacement  of  the  coi- 
Bumed  oxygen.  With  respect  to  the  physiological  action  or  influences 
which  occur  when  such  apparatus  are  used,  Dr.  Filiunger  stated  that : — 

During  respiration,  a  portion  of  the  oxygen  of  the  atmosphere  is  consumed  by 
combination  with  the  carbon  in  the  blood,  forming  carbonic  acid,  which  is  expired 
with  the  remaining  oxygen  and  the  nitrogen,  which  plays  no  active  part  during  the 
respiration.  A  healthy  person  respires  from  5  to  8  litres  (300  to  500  cubic  inches) 
of  air  per  minute,  during  which  the  consumption  of  oxygen  varies  from  300  cubic 
millimetres  (0*018  cubic  inch)  when  the  muscles  are  at  rest,  and  1,100  cubic 
millimetres  (0*067  cubic  inch)  when  the  muscles  are  in  action.  The  amount 
of  carbonic  acid  expired  varies  naturally  within  small  limits,  and  the  carbonic  acid 
thrown  off  increases  with  the  consumption  of  oxygen,  and  for  every  kilogrammetre 
of  work  performed,  3  cubic  millimetres  (0*0000253  cubic  inch  per  foot-pound) 
more  oxygen  is  consumed,  and  2*8  cubic  millimetres  of  carbonic  acid  (0*0000236 
cubic  inches  per  foot-pound)  produced.  In  order  that  respiration  may  be  possible, 
the  proportion  of  carbonic  acid  in  the  air  breathed  should  not  exceed  7  "5  per 
cent.,  since,  with  this  proportion,  the  throwing  off  of  carbonic  acid  becomes  im- 
possible, even  though  there  may  be,  at  the  same  time,  a  surplus  of  oxygen.  With 
6  per  cent,  even  of  carbonic  acid  there  is  great  difficulty  in  breathing,  and  fainting 
and  muscular  weakness  occur.  To  remain  any  length  of  time  in  an  irrespirable 
atmosphere  it  is  not  only  necessary  to  be  able  to  replace  the  oxygen  consumed,  but  to 
avoid  the  enormous  waste  of  oxygen  which  would  take  place  if  the  expired  air  were 
thrown  off  into  the  irrespirable  atmosphere,  and  to  be  able  to  make  use  of  the 
oxygen  contained  in  the  respired  breath  by  respiring  into  a  closed  vessel ;  and,  in 
addition,  in  order  to  prevent  a  dangerous  increase  in  the  proportion  of  carbonic 
acid  in  the  respired  air,  to  make  arrangements  so  that  the  carbonic  acid  contained 
in  the  respired  air  is  absorbed  as  rapidly  as  possible.  * 

The  length  of  time  which  apparatus  constructed  on  the  principle 
referred  to  will  work  depends,  therefore,  not  alone  on  the  supply  of 
oxygen  thereby  provided,  but  very  essentially  on  the  quantity  and  exhaust 
efficiency  of  the  reagents  employed  for  the  absorption  of  the  carbonic 
acid.  The  nitrogen,  originally  in  the  air,  in  the  closed  vessel,  and  in  the 
lungs,  remains  always  unaffected,  and  goes  in  repeated  successions  through 
the  cycle -of  expiration,  revivification,  and  inhalation,  after  addition  of 
oxygen.  Further,  no  harm  would  ensue  if  the  nitrogen  completely 
disappeared,  since,  according  to  experience,  pure  oxygen  can  be  breathed 
for  a  considerable  time  with  complete  immunity  from  any  injurious 
results.     On  this  point  Dr.  Gartner  said  that : — 

The  breathing  of  undiluted  oxygen,  as  medical  experiments  have  proved,  cannot 
hurt  the  human  organism  at  all ;  on  the  contrary,  its  effect  is  ref resiling  and  reviv- 
ing. I  have  watched  over  several  hundred  oxygen  inhalations  carried  out  to  cure 
the  lungs,  heart,  and  liver,  and  have  myself  repeatedly  breathed  pure  oxygen  four 
times  with  the  apparatus  here  described— once  uninterruptedly  for  55  minutes — 
without  once  observing  any  symptom  which  could  be  regarded  as  a  sign  of  injury 
to  the  organism. 

*  Op.  jam  cit. 
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Of  the  above-mentioned  three  appliances,  the  writer,  considering  the 
extremely  favourable  results  obtained  with  it,  proposes  to  describe  more 
fully  the  pneumatophore  and  its  uses,  premising  that  the  principal 
advantages  of  this  apparatus  over  those  of  Mr.  Schwan  and  Mr.  Fleuss 
consist  in  its  portability,  diminished  weight,  constant  readiness  for  use, 
and  also  the  complete  absence  of  valves  and  long  passages  for  the  respired 
and  revivified  air.     A  further  essential  factor  in  its  superiority  is  that 


Fig.  1. 

the  reagents  for  the  absorption  of  carbonic  acid  can  be  kept  always  in  a 
fit  and  active  condition  for  use,  by  keeping  the  apparatus  in  a  closed 
glass  vessel  until  immediately  before  use.  Lastly,  it  may  be  stated,  if 
the  question  of  cost  be  considered  at  all  in  connexion  with  apparatus  for 
such  a  purpose,  that  it  is  comparatively  cheap  compared  with  other 
appliances. 
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A  short  description  of  the  pneumatophore  by  Dr.  Fillunger  appeared 
in  the  Transactions  of  The  Federated  Institution  of  Mining  Engineers.* 

A  detailed  description  is  therefore  scarcely  called  for  here,  and  it  may 
suffice  to  state  that  it  consists  essentially  of  an  air-tight  bag  A  (Fig.  1), 
which,  as  shown  in  Fig.  2,  is  carried  over  the  chest.  In  the  interior  of 
the  bag  is  a  cylinder  &,  which  contains,  under  a  pressure  of  100  atmo- 
spheres, 60  litres  (3,060  cubic  inches)  of  oxygen,  a  glass  flask  fitted  in  a 
metal  cover  containing  a  25  per  cent,  solution  of  caustic  soda,  and  a 
coarse  barchent  net  or  sponge,  which,  when  the  apparatus  is  in  use, 
sucks  up  the  soda  solution  when  the  latter  is  set  free,  and  which  is 
intended  to  offer  a  very  large  absorbing  surface  for  the  respired  carbonic 
acid.  R  is  a  flexible  tube  pro- 
vided with  a  mouthpiece,  31, 
through  which  the  user  inhales 
the  oxygen  taken  from  the  bag 
A,  and  through  which  the  ex- 
pired breath  passes  back  into 
the  bag.  The  whole  is  carried 
by  the  shoulder-straps  T. 

The  manipulation  of  the 
apparatus  is  extremely  simple  : 
the  bag  is  carried  as  shown  in 
Fig.  2,  and,  on  turning  the 
screw  s,  the  glass  cylinder  is 
broken,  liberating  the  soda  solu- 
tion, which  flows  out  of  the 
metal  cover  and  saturates  the 
barchent  net  or  sponge.  The 
mouthpiece,  J/,  is  then  placed 
within  the  mouth,  and  by  slightly 
turning  the  screw  r,  oxygen  is 
allowed  slowly  to  escape  into  the  bag,  and  lastly  the  nose-clip  N  is  fitted 
on  to  the  nose,  closing  the  nostrils.  The  user  is  then  'quite  prepared  to 
enter  the  irrespirable  atmosphere. 

The  length  of  time  which  the  user  thus  prepared  can  remain  in  the 
irrespirable  atmosphere  depends  on  the  physical  exertion  exercised  by  the 
user  during  the  wrork  of  rescue.  According  to  numerous  trials  carried 
out  under  the  most  difficult  conditions,  the  duration  of  use  varies  from 
at  least  ^  hour,  in  the  case  of  great  exertion  by  the  user,  to  1J  hours 
when  the  exertion  is  less. 
*  Vol.  [xii.,  page  693. \ 


Fig. 
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The  applicability  of  the  pneumatophore  has  often  been  proved  not 
merely  experimentally,  but  in  actual  serious  cases  with  the  greatest 
success.  Among  the  latter  may  be  cited  the  case  of  two  underground 
fires  at  the  Shamrock  colliery,  Heme,  Westphalia,  where,  owing  to  the 
carbonic  acid  and  carbonic  oxide  given  off  by  the  fire,  the  atmosphere 
was  quite  irrespirable.  The  pneumatophore  rendered  indispensable 
and  efficient  service  in  the  work  of  putting  out  the  fires,  whilst  the 
Stolzo  flexible-hose  apparatus  was  useless,  owing  to  the  impossibility  of 
placing  the  air-pump  in  a  respirable  atmosphere."  Numerous  and  most 
extensive  trials  made  with  ten  pneumatophores  at  this  colliery,  with 
a  specially  trained  rescue-corps,  in  artificially  produced  irrespirable 
atmospheres,  will  have  a  very  special  interest  for  mining  engineers. 
To  Mr.  Th.  A.  Meyer,  manager  of  the  colliery,  belongs  the  credit  of 
designing  a  construction  of  the  pneumatophore,  which  is  specially 
adapted  to  permit  of  such  work  and  operations  in  extinguishing  fires  as 
may  require  considerable  time  to  be  spent  in  an  irrespirable  atmosphere; 
and  also  of  formulating  many  practical  rules  for  the  manipulation,  and 
of  making  several  essential  improvements  on  the  older  construction  of 
the  pneumatophore. 

Mr.  Behrens'  paper,  already  referred  to,  contains  the  results  of  the 
trials  and  operations  with  the  pneumatophore  at  the  Shamrock  colliery, 
and  it  appears  desirable  here  to  refer  more  fully  to  his  paper.  As  the 
first  object  of  trials  at  the  Shamrock  colliery  was  to  demonstrate  the 
applicability  and  efficiency  of  the  pneumatophore  in  the  case  of  under- 
ground fires  which  recur  with  more  or  less  regularity  in  the  dickebank 
coal-seam,  and  as  ^  hour  even  of  the  most  exhausting  labour  appeared 
too  short  for  effectually  combating  these  fires,  it  was  decided  to  make 
trials  with  the  pneumatophore  provided  with  two  cylinders  of  oxygen, 
double  the  quantity,  viz.,  120  litres  (7,320  cubic  inches),  in  place  of  60 
litres  (3,660  cubic  inches).  The  trials,  made  under  very  difficult  breathing 
conditions  and  in  high  temperatures  in  the  close  neighbourhood  of  the  fire, 
proved  that  the  supply  sufficed  for  60  minutes,  whilst  under  less  trying 
conditions  the  supply  was  sufficient  for  from  111  to  132  minutes.  The 
oxygen-cylinders  were  fitted  to  be  more  conveniently  carried  on  the  back 
than  on  the  chest,  and  the  supply  of  oxygen  was  led  from  them  to  the 
breathing-bag  carried  on  the  chest,  through  hose-pipes  passing  over  the 
shoulder.  The  use  of  the  two  cylinders  appeared  also  to  have  the 
advantage  that,  on  emptying  the  first  vessel,  the  attention  of  the  user  was 

*  "  Der  von  Walchersche  Pneumatophor  unci  Seine  Verwendung  in  irrespirablen 
Gasenbeim  Grubenbetriebe,"  by  Mr.  Behrens,  Gliickauf,  1897,  vol.  xxxiii.,  pages 
949  to  957 
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drawn  bo  the  facl  that  he  bad  used  half  his  supply  ;  and  he  could  then 
better  estimate  how  niiich  Longer  he  could  remain  before  it  was  desirable 
for  him  to  return  into  an  irrespirable  atmosphere  for  a  fresh  supply  of 
oxygen.  A  further  important  alteration  was  that  the  cylinder  for  the 
soda-solution  was  dispensed  with  as  being-  unnecessary,  and  the  useless 
weigh!  saved.  Corresponding  to  the  increase  in  the  supply  of  oxygen 
the  amount  of  the  soda-solution  was  increased  from  425  to  1,100  cubic 
centimetres  (2Q  to  67  cubic  inches).  The  solution  was  poured  into  the 
breathing-bag  through  a  funnel  from  the  glass  bottle  in  which  it  was 
stored.  The  barchent  net  in  the  breathing-bag  for  soaking  up  the 
solution  was  replaced  by  a  sponge  formed  of  fibres  of  cucurbitaceous 
plants  (loofah),  which  offered  a  larger  and  better  absorption-surface  for 
the  carbonic  acid,  and  essentially  facilitated  breathing  with  the  apparatus. 
Further,  the  carrying  straps  were  removed  from  the  chest  and  from  under 
the  arms,  and  in  place  of  the  vulcanite-mouthpiece  a  soft  rubber- 
mouthpiece  was  provided.  Lastly,  for  carrying  the  soda-solution  to  the 
working-place  a  closing  knapsack  was  provided  which,  besides  the  bottle, 
carried  a  funnel  for  pouring  the  solution  of  soda  into  the  bag,  and  a 
screw-plug.  On  arriving  at  the  working-place,  the  knapsack  with  the 
bottle  was  unstrapped. 

The  Meyer  construction  of  the  pneumatophore,  which  is  known  as 
the  Shamrock  type,  weighs  8*75  kilogrammes  (19*2  lbs.),  against  4*5 
kilogrammes  (9*9  lbs.)  of  the  original  apparatus.  In  spite  of  the  not 
inconsiderable  increase  in  the  weight,  it  is  unanimously  asserted  that, 
owing  to  the  greater  part  of  the  weight  being  carried  on  the  back  instead 
of  on  the  chest,  the  Shamrock  type  is  easier  to  carry  than  the  original 
type.  Mr.  Behrens  states  that  the  trials  and  work  effected  by  the  aid  of 
the  pneumatophore  prove  that  it  furnishes  most  effectual  auxiliaries  in 
the  case  of  fire-damp  and  coal-dust  explosions,  where  it  is  essential  to  be 
able  to  penetrate  into  an  irrespirable  atmosphere  for  the  rescue  of  lives 
endangered  by  it. 

Simple  as  is  the  construction  of  the  pneumatophore,  and  easy  as  is  its 
application,  still  the  proper  training  of  a  staff  in  its  uses  is  not  only 
advisable,  but  essentially  necessary.  Above  all,  the  user  must  accustom 
himself  to  a  quiet  and  regular  breathing  with  the  apparatus,  to  a  careful 
and  sparing  use  of  the  oxygen,  and  to  an  occasionally  necessary  lifting 
and  lowering  of  the  breath in^-bas:. 

As  has  been  done  at  the  Shamrock  colliery  and  at  a  number  of  collieries 
in  Austrian  Silesia,  the  formation  among  the  work-people  of  a  colliery  of  a 
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rescue-brigade,  who,  as  in  the  case  of  a  fire-brigade  or  ambulance  corps, 
are  under  strict  discipline  exercised  in  the  use  of  the  pneumatophore,  is 
a  step  to  be  most  urgently  recommended.  For  every  person  a  minimum 
time  should  be  fixed  in  which  he  should  be  capable,  under  the  most 
difficult  conditions,  of  breathing  with  the  pneumatophore,  before  he  is 
definitely  accepted  as  a  member  of  the  corps. 

How  much  importance  should  be  attached  to  the  pneumatophore  in 
the  mining  world  can  best  be  seen  from  the  regulations  of  the  Austrian 
Government  of  April  6th,  1897,  in  force  in  the  Vienna  inspection  district 
for  collieries  of  the  Ostrau-Karwin  coal-field,  in  case  of  fire-damp,  coal- 
dust  explosions,  and  of  shaft  fires.  Rescue-appliances  are  prescribed  which 
afford  at  least  1  hour's  certain  duration  in  an  irrespirable  atmosphere, 
and  afford  perfect  freedom  of  movement  to  the  user.  The  pneumatophore 
of  Messrs.  von  Walcher-Uysdal  and  Gustav  Gartner  is  cited  as  an 
apparatus  which  fulfils  these  requirements,  and  for  fire-damp  collieries,  the 
number  of  such  apparatus  to  be  provided  is  5  per  cent,  of  the  total  em- 
ployees (including  deputies,  managers,  and  shot-flrers),  but  at  no  colliery 
must  there  be  less  than  10  apparatus.  Mr.  Behrens  considers  that  10 
apparatus  will  be  sufficient  even  for  the  largest  collieries,  especially  when 
provided  with  double  oxygen-cylinders  ;  and  he  remarks  that,  in  consider- 
ing the  number  of  apparatus  to  be  provided,  it  should  be  borne  in  mind 
that  it  is  much  easier  to  train  a  rescue-corps  of  10  members  than  one 
having  20  members,  and  that  it  appears  better  to  provide  a  small  corps 
thoroughly  well  trained  than  a  larger  corps  less  efficiently  trained. 

It  is  advisable,  in  addition  to  the  pneumatophore,  to  provide  an  equal 
number  of  oxygen-cylinders,  in  order  to  be  able  to  keep  the  apparatus 
properly  filled  at  a  moment's  notice.  Even  then  parts  of  the  supply- 
cylinders  are  sent  away  to  be  filled.  The  filling  of  the  small  cylinders 
from  the  larger  has,  of  course,  the  disadvantage  that  the  pressure,  and 
consequently  the  quantity  filled  into  any  cylinder,  becomes  less  as  more  is 
taken  from  the  larger  cylinder.  To  provide  against  serious  fire-damp  or 
coal-dust  disasters,  it  is  advisable  to  keep  2  large  steel  cylinders,  each 
containing  1,000  litres  (35  cubic  feet)  of  oxygen.  Still  more  strongly 
to  be  recommended  is  the  arrangement— as  in  the  mining  districts  of 
Upper  Silesia — of  central  stations,  each  for  a  number  of  neighbouring 
collieries,  whence,  in  case  of  need,  any  desirable  number  of  oxygen-cylin- 
ders and  other  rescue-apparatus  could  be  immediately  obtained. 

It  is  evident  that  colliery  disasters  do  not  all  occur  to  one  pattern,  but 
that  each  case  may  have  its  peculiarities,  and  each  its  own  lesson.  In  all 
cases,  however,  the  bringing  out  of  the  unconscious  victims  to  fresh  air, 
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he  bringing  of  the  respirable  atmosphere  to  them,  si  amis  first;  and  it 
[a  here  that  the  pneumatophore  takes  its  place  as  the  most  essential  and 
valuable  assistant.  Dr.  Kaldane  mentions,  in  the  case  of  the  explosions 
at  Taylorstown,  Micklefield,  and  Brancepeth  collieries,  that  77  per  cent, 
of  the  fatalities  were  victims  of  the  after-damp,  in  which  carbon  mon- 
oxide exercised  the  largest  and  most  injurious  influence.  According  to 
Dr.  llaldane,  the  first  definite  symptoms  of  carbon  monoxide  poisoning 
occur  when  the  blood  contains  30  per  cent,  of  this  gas,  with  50  per  cent, 
paralysis  sets  in,  and  death  occurs  when  80  per  cent,  is  reached.  "With 
<V06  per  cent,  of  carbon  monoxide  in  the  atmosphere,  the  percentage  in  the 
blood  reaches  30  after  lj  hours  in  such  an  atmosphere,  0*10  per  cent,  in 
the  atmosphere  produces  paralysis,  and  with  2  per  cent,  death  occurs 
before  the  blood  has  had  time  to  become  saturated  with  the  maximum  of 
SO  per  cent,  in  the  blood,  from  which,  under  more  gradual  saturation, 
recovery  may  be  still  possible.  After  examination  of  the  corpses,  Dr. 
Haldane  concluded  that,  although  unconsciousness  must  rapidly  have  set 
in,  a  period  from  J  to  1|  hours  generally  passed  before  death  from  car- 
bon monoxide  poisoning  took  place ;  and  that,  if  it  had  been  possible  to 
have  brought  the  victims  during  that  time  into  fresh  air,  many  of  the 
lives  would  have  been  saved. 

Consequently,  it  is  evident  how  important  is  every  minute  of  time 
within  the  first  hour  after  the  disaster,  and  an  immediate  search  by 
rescue  is  urgently  called  for.  For  reviving  the  unconscious  victims  there 
is  nothing  so  effectual  as  pure  oxygen.  According  to  Dr.  Haldane,  the 
removal  of  carbon  monoxide  from  the  blood  proceeds  five  times  as  rapidly 
with  pure  oxygen  as  with  fresh  air.  For  this  reason,  the  rescue-parties 
fitted  with  pneumatophores  should  therefore  carry  a  supply  of  oxygen  to 
administer  to  the  victims,  for  which  purpose  rubber  balloons  appear 
most  suitable.  The  oxygen  is  filled  into  these  from  the  cylinders,  and 
can  thus  be  conveniently  carried  into  the  workings.  The  rubber  balloons 
should- be  provided  with  a  short  flexible  tube,  having  a  small  hard  vul- 
canite tube  at  the  end,  which  can  be  inserted  in  the  nostrils  rather  than  in 
the  mouth,  owing  to  the  spasmodic  biting  and  closing  of  the  tube  which 
occurs  in  case  of  a  victim  just  returning  to  consciousness.  The  oxygen 
is  forced  through  the  nostrils  by  gentle  pressure  on  the  rubber  balloon. 
How  effectual  the  artificial  inhalation  of  oxygen  is  will  be  evident  from 
the  following  case  cited  by  Mr.  Behrens,  where  a  workman  was  brought 
out  from  an  underground  fire  in  an  unconscious  state,  and  very  shortly 
after  breathing  oxygen  his  eyes  opened  and  the  man  was  able  to  rise  and 
walk  away. 
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In  December,  1896,  four  workmen  were  engaged  smearing  over 
the  interior  of  a  large  steam-boiler  with  an  anti-corrosive  paint- 
Owing  to  vapours  given  off,  these  men  became  unconscious,  without 
previously  giving  any  call  or  warning  to  outsiders.  In  consequence  of 
the  stillness  in  the  boiler,  the  attention  of  the  latter  was  drawn  tc» 
it,  and  one  of  them  entered  to  ascertain  the  cause.  As  he  did  not 
return,  a  second  workman  was  sent  inside  with  the  same  results,  so  there 
were  six  persons  unconscious  in  the  boiler.  Several  hours  had  elapsed,, 
when  the  works  engineer  came  with  two  oxygen-cylinders,  each  containing; 
about  1,000  litres  (35  cubic  feet),  and  these  were  emptied  into  the 
boiler.  The  difficult  breathing  of  the  unconscious  men  was  immediately 
afterwards  heard,  and  soon  four  of  them  crept  out  of  the  boiler.  The 
other  two  remained  still  within  the  boiler,  unconscious,  jammed  between 
the  sides  and  internal  hue.  In  order  to  bring  the  oxygen  close  into- 
their  neighbourhood,  a  flexible  pipe  was  obtained,  and  a  third  cylinder 
of  oxygen  was  emptied  through  this  close  to  each  of  the  men  ;  and 
soon  afterwards  the  two  men  recovered  consciousness,  and  were  able  to 
creep  out  of  the  boiler.  In  spite  of  having  been  four  hours  in  the 
poisonous  atmosphere  all  the  men  recovered  completely  in  a  few  days,  and 
went  about  their  work  as  usual." 

Mr.  G-arforth  in  his  "  Suggested  Eules  for  the  Recovery  of  Coal- 
mines after  Explosion  "f  recommends  that  at  least  six  oxygen  cylinders, 
should  be  kept  at  every  large  colliery.  For  considerable  distances,  where 
the  disturbed  state  of  the  mine  roadways  makes  it  impossible  to  use  corves, 
or  hand-stretchers,  Mr.  Rossner  suggests  the  use  of  a  board  4  to  6  feet 
long  and  2  feet  broad,  with  the  front  end  rounded  and  provided  with 
a  guided  draw-hook,  and  the  sides  provided  with  straps.  The  uncon- 
scious miner  is  quickly  strapped  to  the  board,  which  is  used  as  a  sledge,, 
being  drawn  by  one  of  the  rescue-party  and  guided  by  the  other.  Where 
the  roadways  are  not  so  much  damaged,  readier  means  can  be  provided^ 
Not  only  for  rescue-work,  but  also  in  the  case  of  building  stoppings,, 
or  repairing  damaged  ventilation-doors,  the  pneumatophore  will  be  found 
useful.  In  all  cases,  however,  it  is  of  course  necessary  that  a  sufficient 
number  of  ready-filled  apparatus  should  be  Qn  hand.  With  only  one  or 
even  two  apparatus  in  most  serious  cases  it  will  be  impossible  to 
efficiently  combat  with  the  disaster.  J 

*  Trans.  Fed.  Inst. ,  vol.  xiv. ,  page  648.  +  Ibid. ,  vol.  xiv. ,  page  495. 

I  "  On  the  use  of  Oxygen  for  Rescue  Purposes,"  by  Mr.  Rossner,  Berg-  undC 
Hiittenmannische  Zeitung,  1897,  pages  193-196. 
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An  essential  auxiliary  to  the  pneumatophorc  is  an  electric  lamp. 
For  rescue-work,  it  is  advisable  that  the  lamp  should  be  such  that  it  can  be 
carried  about  the  body,  so  as  to  leave  both  hands  free.  The  accumulators 
for  the  lamp  are  carried  in  a  leather  box  or  pocket  specially  provided. 
The  la ni}),  which  throws  a  very  clear  light,  is  fastened  about  the  chest, 
so  as  not  to  incommode  the  wearer  or  prevent  the  free  use  of  both  hands. 
In  the  case  of  underground  fires,  erecting  stoppings  and  dams,  the 
recently-introduced  White  electric  lamp  can  be  recommended,  which, 
besides  giving  a  good  light,  is  carried  in  the  ordinary  manner  in  the 
hand.  It  appears  also  advisable  that  a  rescue-party  should  on  their 
return  leave  lighted  electric  lamps  and  refreshments  in  the  likeliest 
refuge-places  on  the  way.  After  explosions,  it  is  advisable  that  the 
rescue-party  should  also  have  with  them  an  ordinary  miner's  safety -lamp. 
Where  smoke  is  present,  glass  protectors  for  the  eyes  should  be  used,  and 
as  ordinary  glasses  will  not  suit  all  persons,  it  is  advisable  to  use 
pneumatic  protectors.  As  it  is  difficult  to  communicate  with  a  rescue- 
party,  it  appears  advisable  to  add  as  a  complement  to  the  pneumatophore 
and  electric  lamp,  whistles  of  special  construction  to  be  blown  by  means 
of  indiarubber-ball  bellows,  and  to  arrange  a  suitable  system  of  calls  or 
signals. 

The  writer  hopes  that,  by  the  preceding  suggestions,  he  may  have 
succeeded  in  convincing  the  members  that  in  the  pneumatophore  and 
compressed  oxygen  they  have  offered  to  them  means  for  effectually 
combating  and  reducing  the  risks  arising  from  fire-damp  and  coal-dust 
disasters,  and  of  essentially  diminishing  the  number  of  lives  now  sacri- 
ficed to  the  hostile  elements  that  threaten  the  worker  underground. 

Although  he  sincerely  hopes  that  such  catastrophes  as  call  for  the 
aid  of  the  auxiliaries  which  he  has  described  may  ever  be  remote  from  the 
experience  of  the  members  ;  still  he  must  recommend  that  every  mining 
engineer  and  official  should  make  himself  conversant  with  the  duties 
which  in  some  unlucky  hour  he  may  suddenly  be  called  upon  to 
undertake,  and  with  apparatus  which  he  will  then  look  upon  as 
an  invaluable  aid  in  the  noble  work  of  saving  human  life. 

Since  writing  the  above  paper  the  writer's  attention  has  been  drawn 
to  a  respiratory  apparatus  introduced  by  Mr.  J.  Mayer,  of  Ostrau,  and 
after  repeated  trials,  he  has  come  to  the  conclusion  that  it  possesses  con- 
siderable advantages  over  the  pneumatophore.  The  writer  proposes  to 
write  a  report  to  the  members  on  the  results  attained  by  the  Mayer 
apparatus  at  an  early  date. 
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The  Chairman  (Mr.  G.  B.  Walker)  said  that  last  year  when  in  West- 
phalia he  had  visited  the  Shamrock  colliery,  and  Mr.  Behrens  then  stated 
that  the  pnenmatophore  had  been  invaluable  in  extinguishing  gob-fires, 
and  that  he  had  organized  a  rescue-corps,  who  were  available  for  working 
at  gob-fires.  Members  would  notice  from  the  paper  that  the  pneumato- 
phore  had  been  already  adopted  as  a  matter  of  obligation  by  the  Austrian 
government  in  the  mines  of  Silesia.  The  members  were  indebted  to  Mr. 
Cremer  for  his  paper. 

Mr.  C.  J.  Oliver  (Chesterfield)  asked  whether  any  provision  was 
made  for  the  supply  of  oxygen  to  the  rescued  party. 

The  Chairman  stated  that  the  rescuing  party  must  return  and  renew 
the  oxygen-cylinder  after  half  an  hour,  by  opening  the  bag,  and  putting 
in  a  new  oxygen-cylinder,  or  a  reserve-cylinder  might  be  taken. 

Mr.  Cremer  then  showed  an  apparatus  consisting  of  a  large  india- 
rubber  bag,  with  tube  and  nose-piece,  for  carrying  the  oxygen  and  supply- 
ing it  to  rescued  persons. 

Mr.  Morgan  (Alfreton)  asked  whether  the  flexible  tube  and  nose- 
piece  could  not  be  attached  to  the  air-cylinder,  instead  of  carrying  the 
india-rubber  bag. 

The  Chairman  said  that  they  had  to  mix  the  oxygen,  just  to  supply 
the  waste  of  oxygen  in  the  air.  The  oxygen  consumed  and  converted  into 
carbonic  acid  was  replaced  by  fresh  oxygen,  and  the  carbonic  acid  was 
taken  up  by  the  sponge. 

Mr.  Morgan  said  that  there  was  nothing  special  in  the  use  of  the 
indiarubber  bag  for  supplying  oxygen  to  the  rescued,  and  suggested  that 
the  oxygen  should  be  taken  from  the  receiver  instead  of  filling  the  bag. 

The  Chairman  said  that  oxygen  was  put  into  the  bag,  as  that  in  the 
cylinder  was  under  too  great  pressure. 

Mr.  Cremer,  replying  to  Mr.  G.  J.  Binns,  stated  that  the  bag  was 
lined  with  indiarubber,  and  that  caustic  soda  had  no  action  upon  it. 

Mr.  Binns  asked  whether  he  understood  Mr.  Cremer  correctly  to  state 
that  a  man  could  breathe  pure  oxygen  for  a  considerable  time  without 
danger. 

Mr.  Cremer  stated  that  Dr.  Gartner  said  he  had  breathed  pure 
oxygen  for  55  minutes  without  once  observing  any  symptoms  which 
could  be  regarded  as  a  sign  of  injury  to  the  organism. 
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Mr.  Nash  asked  whether  having  the  bag  in  front  was  not  a  draw- 
back, as  there  was  a  possibility  of  a  man  in  climbing  over  a  fall  tearing 
the  bag,  and  then  the  apparatus  would  become  useless. 

Mr.  H.  St.  John  Duknford  (Ackton  Hall  colliery)  said  that  the  fact 
that  the  apparatus  was  used  in  Austria  was  the  best  proof  of  its  value. 
There  was  no  doubt  that  in  the  case  of  an  explosion  it  might  be  used  for 
10  or  15  minutes  and  save  men's  lives. 

Mr.  K.  Turnbull  (South  Kirkby  colliery)  said  that  he  had  them  in 
readiness  for  use  at  South  Kirkby  colliery.  He  had  tried  experiments 
and  had  had  one  on  for  nearly  an  hour,  but  had  not  put  them  to  any 
practical  use. 

The  Chairman  said  that  there  could  not  be  the  least  doubt  that  in  cases 
of  colliery  explosion,  where  the  restoration  of  the  ventilation  was  of  the 
greatest  importance,  and  where  possibly  the  restoration  of  a  stopping  or 
the  closing  of  a  door  might  make  all  the  difference  between  restoring  the 
ventilation  of  a  district  and  being  unable  to  restore  it  (through  not  being 
able  to  reach  the  door  on  account  of  the  gases  to  be  encountered),  the  use 
of  such  a  breathing-bag  would  enable  a  man  to  penetrate  to  that  place 
and  close  the  door  or  restore  the  stopping.  Anyone  who  had  had  to 
battle  with  an  explosion  would  know  the  immense  value  of  being  able  to 
penetrate  the  foul  air  even  for  \  hour  at  an  early  stage. 

Mr.  J.  P.  Houfton  (Bolsover)  believed,  if  this  apparatus  had  been 
used  by  explorers  at  the  Micklefield  explosion,  that  more  lives  would  have 
been  saved,  because  36  hours  after  the  explosion  had  taken  place  a  man 
was  found  breathing  who  might  have  been  rescued,  if  it  had  been  possible 
to  have  gone  through  the  irrespirable  atmosphere  which  drove  them  back. 
They  tried,  6  or  8  hours  after  the  explosion  had  taken  place,  to  pene- 
trate into  this  district,  but  it  was  found  impossible ;  but  an  apparatus 
of  this  kind  would  have  enabled  them  to  go  about  in  the  choke-damp  with 
impunity.  There  were  a  few  falls,  which  would  not  have  prevented  them 
from  going  to  the  far  end,  and  they  would  have  found  some  of  these  men 
alive.  After  12  or  15  hours,  they  got  into  one  portion  of  the  district,  and 
15  hours  after  the  explosion,  in  one  of  the  return  airways,  they  found  four 
or  five  men  lying  dead,  but  quite  warm.  If  it  had  been  possible  to 
have  got  to  them  earlier,  if  oxygen  could  have  been  carried  to  them,  and 
the  means  of  getting  them  out,  they  would  have  been  alive  to-day.  But 
while  the  apparatus  might  be  of  great  value  for  that  purpose,  and  for 
enabling  the  ventilation  of  the  mine  to  be  restored  after  it  bad  been 


130  DISCUSSION — THE  WALCHER  PNEUMATOPHORE. 

disorganized  by  explosion,  he  was  afraid  no  very  hard  work,  such  as 
clearing  falls  or  filling  stoppings,  could  be  done  with  such  an  apparatus, 
as  there  would  be  considerable  risk  of  damage  to  the  bag. 


Mr.  H.  St.  John  Durnford  read  the  following  "  Notes  on  the 
Change  in  the  Character  of  the  Barnsley  Coal-seam,  between  Rotherham 
and  Pontefract": — 
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NOTES  ON  THE  CHANGE  IN  THE  CHARACTER  OF  THB 
BARNSLEY  COAL-SEAM,  BETWEEN  ROTIIERHAM  AND 
PONTEFRACT. 


By  H.  ST.  JOHN  DURNFORD. 


There  is  no  doubt  that,  even  if  the  best  part  of  the  Barnsley  coal- 
seam  has  not  been  already  exhausted,  there  is  not  much  of  it  left,  and  it 
would  be  hard  to  find  in  this  country  a  finer  seam  of  coal  than  the 
Barnsley  coal-seam  in  the  immediate  neighbourhood  of  Wath-upon- 
Dearue.  The  writer  does  not  propose  to  deal  with  the  Barnsley  coal-seam 
lying  south  of  Rotherham,  in  which  direction  it  gradually  merges  into 
the  Top  Hard  coal-seam,  and  spreads  over  a  great  part  of  the  counties 
of  Derby  and  Nottingham  ;  but  will  confine  his  remarks  chiefly  to  the 
coal-seam  existing  between  Pontefract  and  Rotherham,  taking  the  line  of 
the  Swinton  and  Knottingley  railway  which  runs  practically  north  and 
south. 

The  southernmost  section  (Appendix,  No.  1)  is  taken  in  the  neigh- 
bourhood of  Rawmarsh  Church,  and  shows  a  seam  altogether  8  feet 
8  inches  thick.  The  quality  is  very  fine,  but  it  is  practically  exhausted 
in  this  neighbourhood.  A  section  (Appendix,  No.  2)  is  also  given  from 
the  Low  Stubbin  pit,  not  far  from  "West  Melton,  between  which  point 
and  the  place  where  the  previous  section  was  taken  an  upthrow  dyke  to 
the  north  exists  of  about  270  feet. 

The  sections  (ilppendix,  Nos.  3,  4  and  5)  supplied  by  Mr.  J.  Thomson 
from  the  neighbourhood  of  Swinton  and  Wath-upon-Dearne,  correspond 
very  closely  with  that  taken  near  West  Melton,  and  over  the  whole 
of  this  area  the  clay-seam  is  practically  non-existent,  which  adds  very 
considerably  to  the  value  of  the  coal. 

The  writer  proposes  to  deviate  from  the  line  from  Rotherham  to 
Pontefract  to  consider  the  seam  as  far  as  it  has  been  proved  in  an 
easterly  direction  towards  Doncaster,  and  would  draw  attention  to  the 
five  sections  (Appendix,  Nos.  3,  4,  5,  6  and  7),  No.  4  being  taken  in 
the  neighbourhood  of  Mexboro'  in  the  Manvers  Main  colliery  workings, 
whilst  Nos.  6  and  7  have  been  supplied  by  Mr.  W.  H.  Chambers  from 
Cadeby  colliery. 

It  will  be  seen  that,  so  far  as  it  has  been  proved  in  an  easterly  direction, 
the  seam  fully  maintains  its  character,  and  there  is  no  dividing  of  the 
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seam  by  the  dirt-parting-  below  the  top  soft  coal,  the  source  of  so  much 
trouble  to  the  north  and  west.  Members  are  doubtless  well  acquainted 
with  the  section  as  proved  by  the  most  recent  boring  at  Southcar,  near 
Doncaster.*  A  bore-hole  has  also  been  put  down  at  Bentley,  and  it  is 
reported  that  the  seam  is  also  divided  there.     There  is  a  considerable 
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likelihood,  however,  that  over  a  large  area  in  the  neighbourhood  of  South 
Elmsall  and  Oarcroft  the  Barnsley  coal-seam  will  be  found  to  exist  of  a 
good  workable  thickness. 

Returning  to  the  direct  line  of  section  from  Rotherham  to  Pontefract,. 
a  section  (Appendix,  No.  8)  is  shown  of  the  coal  as  found  in  the  Wath 
Main  colliery  in  the  neighbourhood  of  Billingley,  from  which  it  will  be 
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snii  that  the  seam  is  slightly  thinner  than  in  some  of  the  sections 
previously  given,  the  workable  portion  of  it  underlying  the  bag  coal 
amounting  to  6  feet  2  inches.  In  this  section  it  will  be  seen  that  the 
clay-seam  makes  its  appearance  for  the  first  time  as  a  separate  seam, 
although  it  has  not  yet  assumed  a  character  totally  different  from  that 
of  coal. 

A  section  is  shown  (Appendix,  No.  9)  of  the  coal  at  Hickleton  Main 
colliery,  which  was  taken  last  year  at  a  point  some  600  or  900  feet 
east  of  the  pit.  Two  sections  (Appendix,  Nos.  9  and  10)  are  given  from 
this  colliery,  and  it  will  at  once  be  seen  that  the  clay  seam  has  com- 
menced to  make  itself  objectionable.  But  the  quality  of  the  hard  coal 
is  little,  if  any,  inferior  to  what  it  is  at  other  collieries,  and  the  inferior 
coal  caused  by  the  thickening  of  the  clay  seam  is  not  sufficient  to  add 
much  to  the  cost  of  production.  Yet  the  fact  cannot  be  overlooked  that 
there  is  a  certain  amount  of  worthless  material  to  be  turned  over,  which 
in  other  places  does  not  exist.  The  section  (Appendix,  No.  10)  is  taken 
at  the  northernmost  point  where  the  seam  is  at  present  being  worked  in 
what  may  be  called  its  normal  condition. 

It  will  be  noticed  that  a  vast  difference  exists  between  No.  10  section 
and  those  kindly  supplied  by  Mr.  Turnbull  from  the  workings  at  South 
Kirkby  colliery  (Appendix,  Nos.  11,  12,  13  and  14).  Between  Bolton- 
on-Dearne  and  Moorthorpe  some  faulty  ground  apparently  exists,  but 
whether  the  seam  changes  its  character  all  at  once,  or  whether  the  change 
is  gradual,  has  not  yet  been  proved  ;  the  writer  is,  however,  of  opinion 
that  the  change  is  a  gradual  one,  and  this  is  to  some  extent  borne 
out  by  the  fact  that  the  hard  coal,  both  at  South  Kirkby  and  Monck- 
ton  Main  collieries,  is  of  a  good  quality,  and  sells  readily  for  steam  coaly 
whilst  further  north,  at  Ackton  Hall,  Nostell  and  Hems  worth  collieries, 
the  hard  coal  is  extremely  thin  and  of  indifferent  quality. 

The  feature  to  be  more  particularly  noticed,  however,  is  the  thicken- 
ing out  of  the  clay-seam  beds ;  and  it  may  be  observed  that  at  Monckton 
Main  colliery  (Appendix,  Nos.  15,  16  and  17)  it  is  only  possible  to  work 
the  lower  portion  of  the  seam,  containing  the  hard  coal,  whilst  at  Ackton 
Hall  colliery  (Appendix,  Nos.  19  and  20)  the  upper  part  of  the  seam  has 
been  worked  for  the  last  8  or  10  years,  but,  unfortunately,  the  chief  char- 
acteristic of  the  Barnsley  coal-seam  is  entirely  absent.  Attempts  have, 
however,  recently  been  made,  the  writer  hopes  with  some  probability  of 
success,  to  work  the  lower  part  of  the  seam  containing  the  few  inches  of 
hard  steam-coal  that  exists.  The  quality,  however,  still  leaves  a  good 
deal  to  be  desired ;  but  there  are  evidences  that  it  is  likely  to  improve 
towards  the  south. 
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Both  at  Nostell  (Appendix,  No.  18)  and  Hems  worth,  the  Barnsley  coal- 
seam,  although  proved,  is  practically  untouched,  and  a  very  slight  per- 
manent improvement  in  trade  would  probably  cause  developments  at  these 
collieries.  The  northernmost  point  at  which  the  Barnsley  coal-seam— or 
Warren  House,  as  it  is  called  in  this  district— is  worked  is  at  Fryston 
colliery,  and  here  again  the  seam  is  divided  in  very  much  the  same 
manner  as  it  is  at  Ackton  Hall  colliery. 

Over  the  principal  portion  of  the  colliery  district  of  West  Yorkshire, 
as  distinct  from  South  Yorkshire,  the  Barnsley  coal-seam  is  divided  by  a 
thickness  of  clod  and  shale  varying  from  8  to  18  feet,  but,  so  far  as  the 
writer  knows,  in  no  one  colliery  are  both  these  seams  worked  at  one  time. 
Doubtless,  with  the  exhaustion  of  other  seams  in  the  district,  attempts 
will  be  made  to  work  either  one  or  both  of  the  seams  which  constitute 
the  Barnsley  bed.  In  no  case,  however,  is  the  quality  first  rate,  the  best 
part  of  the  seam,  both  at  iickton  Hall,  and  at  other  collieries  in  the  imme- 
diate neighbourhood  being  the  14  inches  of  top  coal,  which,  owing  to  the 
extremely  bad  character  of  the  roof  above  it,  is  to  a  large  extent  lost. 

A  boring  has  recently  been  put  down,  not  far  from  the  Midland  and 
North  Eastern  Railway,  near  Pontefract,  bat  so  far  as  the  writer  has 
been  able  to  ascertain,  no  definite  information  has  been  obtained.  One 
thing  only  is  evident,  namely,  that  the  seams  here  will  be  found  at  a 
considerable  depth  from  the  surface  :  the  Barnsley  bed  probably  lying  at 
a  depth  of  about  1,800  feet. 

The  writer  hopes  that  these  remarks  on  the  change  in  character  of 
the  Barnsley  coal-seam,  which  is,  doubtless,  better  known  to  many 
members  of  the  Institute  than  it  is  to  himself,  may  be  taken  simply 
as  an  endeavour,  on  his  part,  to  gather  together  information  which  may 
not  be  so  readily  accessible  to  everyone. 

Finally,  th3  writer  would  wish  to  express  his  thanks  to  the  gentlemen 
who  have  supplied  the  various  sections  of  the  Barnsley  coal-seam,  and  he 
would  specially  thank  Mr.  T.  Newbould,  Mr.  J.  T.  Thomson,  Mr.  W. 
H.  Chambers,  Mr.  Tarnbull,  and  Mr.  C.  0.  Ellison,  for  their  courteous 
assistance. 

APPENDIX.— Sections  of  the  Barnsley  Coal-seam. 
Low  Stubbin  Colliery. 

No.  1,  near  Rawmarsh.  No.  2,  near  Melton. 

Ft.  Ins.  Ft.  Ins.  Ft.  Ins.  Ft.  Ins. 

Bag  coal     1     6  1     0 

Top  soft  coal        ...         ...     16  13 

Hard  coal 3     6  3     4 

Bottom  soft  coal 2    2  2    0 

8    8  7    7 
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Ma\\  BBS    Main   Colliery. 


1  >.iy  coal  ... 
Clod 

Bag  coal  ... 
Top  soft  coal 
Hard  coal  ... 
Bottom  soft  coal 


No.  3. 

N\\  mton. 
Ft.  Ins.    Ft.  Ins. 

0    9 
2     2 

2  11 


3 

0 

11 


7    4 


No.  4, 

Muxboro'. 

Ft.  Ins.  Ft.  Ins. 

0  10 
0  1 
0  11 


4 

6 

4 

11 


8     1 


No.  5, 
Wath-on-Dearne. 

Ft.  Ins.   Ft.  Jus. 


1       1 

1     2J 

3     31 
1  10£ 


7     5£ 


Day  coal  . . . 
Bag  dirt     ... 

Bag  coal  . . . 
Top  soft  coal 
Hard  coal  ... 
Bottom  soft  coal 


Cadeby  Colliery. 

No.  6,  West. 
Ft.  Ins.  Ft.  Ius. 

...     1     4 


0    7 


1 

5 

1 

5h 

3 

3 

2 

3^ 

1  11 


No.  7,  East. 
Ft.  Ins.  Ft.  Ins. 

0  11 
0  7 
1     6 


-85 


3 

5 

104 

Hi 

—  7 


No.  8,  Wath  Main  Colliery. 


Bag  coal     ... 
Top  soft  coal 
Clay  coal   ... 
Hard  steam  coal 
Bottom  soft  coal 


Ft.  Ins. 
1       1 

1     2 

0    8 
2 

1 


6 
10 


Ft.  Ins. 


7     3 


Hickleton  Main  Colliery. 

No.  9,  East  District. 
Ft.  Ins.  Ft.  Ins. 


Bag  coal    ... 

Top  soft  coal 

Upper  clay  coal 

Dirt 

Clay  coal  ... 

Hard  steam  coal 

Bottom  soft  coal 


8     6 


No.  10,  North. 
Ft.  Ins.  Ft.  Ins. 

0  8 

1  1 

1  2 
0  1 
0  6 

2  2 

2     4 

8     0 


South  Kirkby  Collibry. 


No.  11,  South. 
Ft.  Ins.  Ft.  Ins. 


Top  soft  coal    ...  2  10 

Dirt        1     1 

Clay  coal  ...  0     7 

Hard  steam  coal  1     8 

Bottom  soft  coal  1  11 


No.  12,  East. 
Ft.  Ins.  Ft.  Ins. 


No.  13,  West. 
Ft.  Ins.  Ft.  Ins. 


11 

3 

9 
0 
0 


No.  14,  North. 
Ft.  Ins.  Ft.  Ins. 


9     6 


8  11 


10    5 
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Monckton  Main  Colliery. 


Top  soft  coal 

Dirt 

Barnsley  coal-seam     5     3 

14     6 


No.  15,  East. 
Ft.  Ins.  Ft.  Ins. 

4  3 

5  0 


No.  16,  at  Shafts. 
Ft.  Ins.  Ft.  Ins. 

4  2 
33    0 

5  1 


42     3 


Coal  and  bind 

Coal-shale 

Coal 

Spavin 

Coal 

Spavin 


Top  coal 

Dirt 

Coal 

Dirt 

Coal 

Dirt 

Coal 

Coal,  inferior 

Coal 

Strata 

Barnsley  coal-seam — 
Ft.  Ins. 
Hard  coal  ...  0  8 
Soft  coal  ...  2  2 
Dirt  and  coal  0  6 
Soft  coal     ...  0  10 


Nostell  Colliery. 


No.  18. 
Ft.   Ins. 


6 
0 
6 

H 

11 


Coal 
Strata 
Coal,  coarse 
Coal,  good  ... 


Ackton  Hall  Colliery. 

No.  19. 
Ft.  Ins.  Ft.  Ins 

1      8 

0  11 

1 


0 
0 
0 
0 
0 

] 

14 


24 
0i 
2* 
Oh 

8 
4 


4     2 


24  11 


No.  17,  North. 
Ft.  Ins.  Ft.  Ins. 


4 

45 

4 


2 

0 

0 
—  53 


No.  18  (continued). 
Ft.  Ins.  Ft.  Ins. 


0 

53 

0 

4 


Top  coal 

Dirt        

Coal       

Dirt       

Coal       

Dirt  and  brassy  coal 

Coal       

Crunch,  etc. 
Barnsley  coal-seam 


o 

9 
2 
—  68  Hi 


No.  20. 
Ft.  Ins.  Ft.  Ins. 


10  11 
3  2 
20    0 


The  Chairman  moved  a  vote  of  thanks  to  Mr.  Durnford  for  his 
paper,  and  the  discussion  was  adjourned. 


DISCUSSION    UPON   MR.   E.   B.   WAIN'S   PAPER    ON   "THE 
WORKMEN'S   COMPENSATION   ACT,   1897."* 

Mr.  G.  J.  Binns  (Netherseal  colliery)  thought  that  Mr.  Wain  held 
rather  optimistic  views  as  to  the  safeguards  which  they  had  with  regard 
to  the  Workmen's  Compensation  Act :  the  safeguard  in  section  2,  sub- 
section 1,  appeared  to  his  mind  very  slight.  The  Act  said  that  notice 
should  be  given  as  soon  as  practicable  after  the  accident,  and  before  the 

*  Trans.  Fed.  Inst.,  vol.  xiv.,  page  354. 
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workman  had  voluntarily  left  his  employment.  That  expression  appeared 
to  him  very  obscure,  and  conveyed  nothing  to  his  mind:  if  a  man  was 
iuj  u rod  he  ipso  facto  left  his  employment.  The  same  section  appeared  to 
contemplate  a  delay  of  six  months  in  giving  notice,  and  after  so  long 
a  time  it  would  be  impossible  to  make  a  defence.  It  also  provided 
that  want  of  notice  should  not  be  a  defence  if  such  delay  was  caused 
by  mistake  or  other  reasonable  cause ;  a  plea  which  might  be  always 
set  up.  It  appeared  to  him  that  this  section,  like  the  rest  of  the 
Act,  provided  ample  work  for  the  legal  profession.  It  might  not 
have  occurred  to  all  mine-owners  that  there  were  many  different 
kinds  of  non-fatal  accidents  :  three  kinds  which  occurred  at  once. 
There  was  the  accident  which  might  be  reported  to  the  deputy,  with 
the  view  of  ceasing  work  or  of  not  doing  so  if  it  did  not  become 
necessary  ;  this  was  a  class  of  accident  which  men  met  with  sometimes, 
and  which  they  reported  for  their  own  protection,  in  case  they  should 
have  to  go  to  the  colliery  club.  (He  enforced  a  strict  rule  that  any  man 
meeting  with  any  accident  should  report  it  forthwith.)  Many  accidents 
were  reported  to  the  deputies,  and  entered  in  the  books,  which  were 
never  heard  of  again.  In  three  days,  at  a  small  colliery  drawing  700 
tons,  12  accidents  had  been  recorded  in  the  report  book,  and  one  only 
was  a  case  for  medical  attendance,  while  the  other  11  returned  to  work 
next  day.  The  second  class  consisted  of  accidents  which  required 
surgical  attention,  and  necessitated  a  cessation  of  work,  but  they 
were  not  serious  under  the  legal  definition.  The  third  class  com- 
prised those  accidents  reported  to  H.M.  inspector  of  mines,  and  found 
in  the  Government  statistics.  Any  one  of  these  accidents  might 
become  a  matter  of  claim,  either  as  a  permanent  accident  under  the 
Workmen's  Compensation  Act  or  a  fatality.  They  all  had  heard  of 
accidents  which  had  not  been  reported,  but  which  had  ended  in  death. 
Mr.  Wain  urged  that  every  accident  should  be  investigated,  in  case 
it  should  become  a  permanent  disablement.  In  the  Midland  mines- 
inspection  district,  when  H.M.  inspector  of  mines  asked  that  all  accidents 
should  be  reported  which  had  kept  a  man  off  work  for  seven  days,  the 
result  was  that  in  Mr.  Stokes'  report  for  1896,  they  had  three  times 
as  many  non-fatal  accidents  reported  as  in  1894.  He  thought  that 
the  small  accidents,  which  were  never  heard  of  now,  might  become  a 
source  of  expense  to  colliery-owners  under  the  Workmen's  Compensation 
Act.  As  far  as  sections  12  and  13  of  Schedule  I.  were  concerned, 
they  seemed  to  deal  with  permanent  disablement,  and  gave  power  to 
commute  the  payments.     One  very  important  precaution  was  to  keep  a 
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book  recording  the  average  wages,  and  Mr.  "Wain  suggested  that  all 
collieries  should  keep  a  wages-book  in  the  form  drafted  by  the  central 
committee.  Some  collieries  kept  a  wages-book  and  others  kept  none  at 
all.  He  approved  of  the  suggestion  that  a  book  should  be  kept  on  an 
uniform  plan,  showing  the  amount  that  each  workman  received,  and  he 
thought  that  members  would  find  it  pay  in  the  end. 

The  Chairman  thought  that,  in  many  respects,  it  would  be  abso- 
lutely impossible  to  protect  owners  against  imposture.  The  more 
experience  they  had  of  the  working  of  this  Act  the  more  they  would 
find  that  imposture  could  be  very  successfully  practised,  more  particularly 
in  connexion  with  injuries  which  were  not  visible — sprains  and  internal 
injuries.  He  would  strongly  recommend  that  all  owners  should  put  in 
practice  as  soon  as  possible — he  had  already  put  it  in  practice  for  months 
past — the  keeping  of  a  record  of  all  accidents,  taking  the  time  which  they 
lasted,  and  debiting  against  the  people  who  sustained  the  accident,  the 
amount  which  would  have  been  payable  under  the  Act.  One  point  required 
very  serious  and  careful  consideration,  and  that  was  the  clause  as  to  the 
serious  and  wilful  misconduct  of  a  person  sustaining  injury,  for  which  his 
compensation  was  to  be  disallowed.  That  would,  of  course,  depend  on  the 
interpretation  which  different  County  Court  judges  and  assessors  would 
place  upon  what  constituted  serious  and  wilful  misconduct.  For  instance, 
to  put  a  very  simple  case  :  where  thin  seams  were  worked,  trammers  were 
constantly  in  the  habit  of  getting  their  fingers  rubbed  between  the  top  of 
the  tub  and  the  roof,  injuries  which  kept  them  at  home  for  a  week  or  two. 
Assuming  that  at  a  thin-seam  colliery  the  proprietors  supplied  handles 
below  the  level  of  the  top  of  the  tub,  and  the  officials  insisted  on 
trammers  using  the  handles.  It  was  certain  that,  if  the  handles  were 
there,  and  a  man  got  his  fingers  rubbed  between  his  tub  and  the 
roof,  he  would  get  the  injury  through  disregarding  a  specific  order  to  use 
the  handles  at  the  tub-end.  Therefore  he  should  say  that  the  man 
who  wilfully  preferred  to  put  his  hands  on  the  top  of  the  tub,  rather  than 
use  the  handles,  wilfully  injured  himself.  That,  of  course,  was  open 
to  argument.  It  depended  not  upon  what  they  thought,  but  upon  what 
the  judge  thought.  Then,  again,  they  all  knew  in  Yorkshire — he  did 
not  know  whether  it  was  so  in  Derbyshire — that  trammers  were  not  to 
go  down  gates  in  front  of  corves,  but  behind  them.  Managers  enforced 
that  rule  as  far  as  they  could,  but  they  knew  that  it  was  evaded.  Supposing 
that  they  had  done  everything  to  prevent  a  man  from  going  down  in  front 
of  a  tub,  and  a  tub  ran  away  and  injured  him  for  life,  was  it  not  his  own 
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wilful  and  serious  misconduct  which  had  caused  the  accident  ?  These 
were  simple  instances,  familiar  to  everybody,  and  they  could  all  add  to 
them  indefinitely.  The  Workmen's  Compensation  Act  needed  careful 
consideration,  and  in  addition  to  merely  recording  accidents  which 
occurred  before  June  80th,  he  thought  that  it  would  be  desirable  to 
note  down  their  opinion,  judging  as  fairly  as  they  possibly  could  as  to 
where  and  wrhen  accidents  were  caused  by  the  wilful  action  of  the 
workman  himself.  The  maximum  compensation  was  half  a  man's 
wages  ;  but  it  did  not  follow  that  he  should  in  all  cases  receive  it. 
He  should  imagine  that  the  question  of  contributory  negligence,, 
although  swept  away  by  the  Act  in  one  way,  would  weigh  with  the 
judge  or  referee  in  limiting  the  amount  of  compensation.  For  instance,, 
if  a  man  earning  26s.  a  week  was  entitled  to  13s.  a  week,  provided  the 
accident  was  one  which  by  no  foresight  he  could  have  guarded  against,, 
surely  if  a  man  brought  trouble  upon  himself  to  a  certain  extent  by  his 
own  carelessness — if  a  man  had  been  told  to  set  props,  and  neglected  to- 
set  them,  and  the  roof  fell  on  him  and  he  was  injured— it  would  be 
reasonable  to  suppose  that  the  compensation  would  be  reduced  by  his 
action,  by  his  failure  to  do  his  part  towards  his  own  self-protection. 
Then  there  was  the  case  where  injury  was  caused  to  a  workman  by 
the  direct  action  of  another.  For  instance,  if  a  workman  struck  a  pick 
into  another  man,  he  was  afraid  that  under  the  Act  the  workman 
who  was  so  injured  could  sue  his  employer,  and  leave  his  employer  to 
sue  the  other  man. 

Mr.  Edward  B.  Wain  wrote,  he  was  afraid  that  he  did  not  hold  the 
optimistic  opinion  as  to  the  value  of  the  safeguards  provided  by  the 
Act  with  which  Mr.  Binns  had  credited  him.  On  the  contrary,  he  had 
said  that  the  employers'  interests  were  only  safeguarded  to  a  slight 
extent,  and  his  paper  was  written  with  the  object  more  especially  of 
calling  attention  to  the  necessity  for  taking  every  possible  advantage  of 
such  safeguards  as  did  exist. 

As  regards  the  notice  of  accident,  he  did  not  agree  that  it  was,  as- 
had  been  stated  in  the  discussion,  necessary  under  the  Act  for  the 
workmen  to  report  the  injury  which  might  be  the  subject  of  claim  before 
leaving  the  mine.  The  wording  of  the  Act,  "  before  the  workman  has 
voluntarily  left  the  employment  in  which  he  was  injured,"  appeared  to 
indicate  actual  retirement  from  the  service  of  a  certain  employer  rather 
than  a  temporary  cessation  of  work  in  consequence  of  accident.  At  the 
same  time  it  seemed,  in  the  case  of  mining  accidents,  to  be  absolutely- 
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necessary  that  the  injury  should  be  reported  immediately,  or  the  rapidly 
chan^insr  circumstances  and  conditions  of  underground  workings  would 
prevent  careful  investigation,  and  the  employer  would  consequently  be 
prejudiced  in  his  defence  in  any  proceedings  taken  against  him  (section 
2  (1)  of  the  Act).  Although  the  Act  did  not  state  explicitly  that 
notice  must  be  given  in  writing,  there  could  be  no  doubt  that  a  written 
notice  was  required.  It  had  been  held  that  notice  required  under 
similar  conditions  for  the  purpose  of  the  Employers  Liability  Act  must 
be  in  writing  ;  and  further,  section  2  (2)  of  the  Act  could  only  be  read 
as  referring  to  written  notice. 

Although  as  had  been  suggested  in  the  discussion,  there  was  sure  to 
be  litigation  as  to  what  constituted  "  serious  and  wilful  misconduct " — 
there  was  little  doubt  that  all  accidents  directly  or  indirectly  caused  by 
breach,  on  the  part  of  the  injured  person,  of  the  General  and  Special  Rules 
or  of  any  regulations  framed  and  published  by  the  management,  with  a 
view  to  prevent  accident,  must  come  under  this  heading. 

In  several  mining  districts  the  colliery  owners  were  joining  in  the 
formation  of  companies  for  the  purpose  of  becoming  their  own  insurers, 
and  it  seemed  probable  that  the  machinery  for  working  the  Act  on  the 
lines  suggested  in  the  paper  as  regards  payment  from  a  central  office, 
inspection,  etc.,  would  be  provided,  and  he  felt  sure  that  in  such  cases  the 
working  of  the  Act  wTould  not  lead  to  unnecessary  friction  between  master 
and  workman.  Whatever  course  was  taken  the  greatest  care  would  be 
necessary  in  the  ascertainment  of  the  earnings  on  which  compensation  was 
to  be  based.  A  County  Court  judge  in  the  Midland  district  was  credited 
with  having  said  recently  that  when  a  miner  came  before  him  for  com- 
pensation his  earnings  were  given  as  30s.  to  35s.  per  week,  but  if  the  same 
class  of  men  were  sued  in  his  court  for  small  debts  he  then  found  that  they 
pleaded  that  they  were  only  working  3  days  per  week,  and  earning  3s.  4d. 
per  day. 

As  regards  the  physical  condition  of  persons  employed,  he  thought  that 
the  employers  would  have  no  difficulty  in  getting  a  medical  certificate  of 
fitness  in  the  case  of  any  persons  engaged  after  the  passing  of  the  Act. 
Although  there  was  no  provision  in  the  Act  for  such  examination  before 
accident,  it  would  be  wise  on  the  part  of  employers  to  see  that  they  did 
not  engage  men  who,  from  any  physical  infirmity,  were  more  than  usually 
liable  to  accident. 
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DISCUSSION  ON  MR.  E.  W.  THIRKELL'S  PAPER  ON 
"ADEQUATE  VENTILATION  AND  NOXIOUS  GASES,"  ETC.* 

Mr.  ThIBKELL  wrote  that  in  the  hurry  to  get  his  paper  ready,  or 
through  want  of  care,  a  clerical  error  had  been  made  in  the  second  para- 
graph of  (I.)  (a)  page  390,  where  0*04  had  been  taken  as  a  divisor 
instead  of  0*04  per  cent.,  or  0*0004 ;  this  error  had  been  carried  through- 
out the  paper  into  some  of  the  other  calculations,  and  he  desired  to 
correct  the  error  before  the  discussion  upon  the  paper  was  proceeded  with. 
The  corrections  are  as  follows  : — 

The  sentence  commencing  on  line  18  of  page  390  should  read — 
"  Ordinary  air  contains  0*04  per  cent,  of  carbon  dioxide,  so  that  a  man 
vitiates  it  to  the  extent  of  (2176  cubic  inches  -*-  0*0004  or)  54,400  cubic 
inches  ;  consequently,  54,400  cubic  inches  of  fresh  air  will  be  required 
to  purify  that  vitiated,  in  addition  to  the  544  cubic  inches  required  for 
breathing,  or  (54,400  +  544  or)  54,944  cubic  inches  per  minute  for 
ordinary  breathing,"  etc. 

The  sentence  commencing  at  the  top  of  page  391  should  read — "So 
that  lying  down  being  taken  as  unity,  an  ordinary  day's  work  would  be 
equal  to  about  32  ;  and  as  a  person  at  rest  inhales  544  cubic  inches  per 
minute,  when  at  work  he  would  require  (544  x  32  or)  17,408  cubic 
inches,  which,  added  to  the  54,944  cubic  inches  given  above,  makes  a 
total  of  72,352  cubic  inches,  or  41*87  cubic  feet  (say  42  cubic  feet)." 

The  second  sentence  of  the  following  paragraph  should  read — "A 
horse  at  rest  therefore  requires  (12  x  250  cubic  inches  or)  3,000  cubic 
inches  per  minute  for  breathing,  and  of  this  4*7  per  cent,  is  carbon 
dioxide,  or  141  cubic  inches  is  converted  into  carbon  dioxide,  and  this 
air  will  require  (141  cubic  inches  -*-  0*0004  or)  352,500  cubic  inches  per 
minute  to  purify  it ;  a  horse  therefore  requires  3,000  cubic  inches  for 
breathing,  and  352,500  in  addition  to  purify  the  air  breathed,  making 
355,500  cubic  inches  altogether."  For  pit-horses,  this  quantity  of  air 
will  be  338,625  cubic  inches  when  working,  or  (195*95  cubic  feet,  say) 
200  cubic  feet  per  minute. 

The  sentence  commencing  on  line  26  of  page  391  should  read  : — 
"Then  (163  cubic  inches  +  32*6  or)  195*6  cubic  inches  would  be 
required  per  minute,  of  which  3  per  cent,  would  be  carbon  dioxide  or 
(195*6  cubic  inches  x  3  per  cent,  or)  5,686  cubic  inches,  and  to  restore 

*  Trans.  Fed.  Inst.,  vol.  xiii. ,  page  389. 
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the  air  thus  vitiated  to  its  normal  state  would  require  (5*868  cubic  inches 
-i-  0*0004  or)  14,670  cubic  inches  ;  and  (195*6  +  14,670  or)  14,865*6 
cubic  inches  of  fresh  air  or  (8.6,  say,)  9  cubic  feet  per  minute." 

The  last  paragraph  on  page  391  should  read  : — "  It  has  thus  been 
shown  that  a  man  at  work  requires  42  cubic  feet,  a  pit-horse  at  work 
200  cubic  feet,  and  a  lamp  9  cubic  feet  per  minute  for  ordinary  purposes." 

The  general  conclusions  on  page  403  should  read  :  The  volume  of 
air  required  for  workmen,  etc.,  is  as  follows  :— 


Each  person  requires  ordinarily  when  at  work 

Do.     when  in  a  working-place  giving  off  ^  per  cent,  of  gas 


1 


Each  horse  requires 
Each  safety-lamp  requires 
Each  shot  fired  requires  ... 


Cubic  Feet 

of  Air 
per  Minute. 

.  42 
84 
..  105 
.  126 
.  142-8 
.  147 
.  168 
.  200 
9 
.  500 


■       - 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MP]ETING, 
Held  at  the  Queen's  Hotel,  Leeds,  April  16th,  1898. 


Mr.  G.  BLAKE  WALKER,  President,  in  the  Chair. 


The  minutes  of  the  Joint  Meeting  with  the  Chesterfield  and  Midland 
Counties  Institution  of  Engineers  were  read  and  confirmed. 


The    following-    gentlemen   were    elected,    having    been    previously 
nominated : — 

Members — 
Mr.  Henry  Cawood  Embleton,  Mining  Engineer,  Central  Bank  Chambers, 

Leeds. 
Mr.  David  Morgan  Rees,  Mining  Engineer,  9,  Romilly  Crescent,  Cardiff. 
Mr.    Robert  Mountain    Swift,    Land  and   Mineral   Surveyor,    Sim   Hill, 

Cranemoor,  Sheffield. 

Associates — 
Mr.  Charles  Henry   Elliott,    Colliery  Under-manager,  Wombwell  Main 

Colliery,  Barnsley. 
Mr.    Arthur    Thomas    Thomson,    Assistant    Colliery   Manager,    Manvers 

Main  Colliery,  Wath-upon-Dearne. 


Mr.  Rowland  Gascoyne  read  the  following  paper  on  the  "Coal- 
fields of  Chili "  :— 
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COAL-FIELDS    OF    CHILI. 


By  ROWLAND  GASCOYNE. 


Introduction. — As  is  wellknown,  Chili  is  a  long  narrow  strip  of  country 
on  the  western  coast  of  the  South  American  continent,  lying  between 
latitude  18  degrees  and  25  degrees  south.  It  is  bounded  on  the  east  by 
the  Andes,  and  on  the  west  by  the  Pacific  Ocean.  Its  length  is  about 
1,500  miles,  and  width  from  100  to  200  miles,  and,  as  might  be  expected, 
the  climate  and  scenery  vary  considerably  according  to  latitude.  Lignite- 
deposits  of  supposed  R  luetic  age  are  found  near  Copiapo,  and  other  deposits 
of  uncertain  geological  age  in  different  parts  of  Chili,  but  of  no  economic 
value.  The  principal  and  most  valuable  coal-fields  of  Eocene  age  lie 
south  of  Conception,  along  the  coast  as  far  south  as  Yaldivia ;  and  farther 
south,  coal-fields  of  Miocene  age  are  found  extending  to  the  Straits  of 
Magellan. 

Geology. — The  principal  coal-fields  are  of  Tertiary  age,  the  seams 
of  coal  being  chiefly  found  in  the  Eocene  and  Miocene  series.  The 
Pliocene  series  is  also  found  in  the  valleys,  and  contains  many 
characteristic  fossils,  but  no  lignite-deposits  of  importance  have  been 
found  therein.  Wherever  the  base  of  the  Eocene  rocks  is  seen,  it 
generally  rests  unconformably  upon  mica-schists,  which  form  the  base- 
ment-rocks of  that  part  of  the  country. 

The  coal -bearing  rocks  dip  in  a  westerly  direction,  and  as  a  rule  at 
high  angles,  dips  of  30  to  40  degrees  being  common.  T  hey  are  com- 
posed principally  of  sandstone  rocks  of  various  degrees  of  coarseness, 
conformable  deposits  of  conglomerate  frequently  occurring,  more  par- 
ticularly as  the  base  of  the  Eocene  is  approached.  The  sandstones  are 
of  a  micaceous  character,  showing  that  they  have  been  derived  from 
the  denudation  of  the  mica-schists  forming  the  high-lying  ground  to  the 
east.  Shales  likewise  occur,  but  more  sparingly  than  sandstones,  and 
are  far  more  irregular,  frequently  dying  out  and  re- appearing  in  short 
distances.  Sometimes  they  form  the  roof  of  coal-seams  over  consider- 
able areas,  when  the  quality  of  the  coal  is  geneially  better  than  when 
the  same  coal-seam  is  overlaid  by  sandstone. 

The  coal-seams  vary  in  thickness  and  quality  according  to  the 
conditions  under  which  they  were  deposited.     In   the   Miocene,   they 
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run  op  to  15  feet  thick,  but  those  worked  in  the  Eocene  formation 
run  generally  from  2 \  feet  to  0  feet  in  thickness.  The  inland  coal-fields, 
since  their  deposition,  have  been  much  tilted  and  disturbed  by  the  north 
and  south  upheavals,  thus  giving  them  their  well-defined  westerly  dip 
and  causing  the  coal-fields  to  repeat  themselves  over  large  areas  in  a 
westerly  direction.  The  submarine  coal-fields  being  situated  farther 
west  and  away  from  the  lines  of  upheaval  (although  considerably  faulted 
and  disturbed)  generally  possess  a  less  inclination,  and  are  continuous 
over  greater  areas. 

It  is  seldom  in  the  inland  coal-seams  that  they  are  found  to  be  con- 
tinuous  for  over  ^  mile,  without  being  determined  by  a  large  upthrow 
fault  to  the  west,  not  infrequently  throwing  the  coal-seam  beyond  the 
surface,  and  many  of  the  inland  coal-seams  now  worked  are  only 
continuous  along  the  dip  for  a  length  of  600  feet.  Owing  to  the  soft 
sandstone  Tertiary-rocks  and  the  heavy  rainfalls  which  occur  in  this 
part  of  Chili,  combined  with  the  faulted  and  disturbed  condition  of 
the  coal-seams,  it  is  not  to  be  wondered  at  that  they  occur  in  small  and 
isolated  patches,  as  the  prevailing  conditions  are  very  favourable  to 
denudation. 

The   coal-seams   are   generally   underlaid   by   a   dark   and  not   un- 
frequently  soft  bed  of  clay  with  rootlets ;  and  where  older  rocks  have  not 
intervened   at   the   time   of   their  deposition   there   is   no   doubt  that 
they  were  deposited  over  very  large  areas,  as  some  of  the  seams  of  coal 
may  be  traced  for  over  50  miles  running  north  and  south  along  the 
strike  of  the  Tertiary  formation.      But  the  frequent  breaks  of  barren 
ground  caused   by   faults  prevent   the   seams  from   being  traced  over 
extensive  areas  in  a  westerly   direction,   and  no   doubt  in  a  westerly 
direction  alsp  they  were   originally  laid   down   over  very  considerable 
areas.      The    coal-seams,    however,    vary    considerably    in    thickness, 
especially  those  with  a  sandstone-roof  ;  but  the  greatest  change  takes 
place,  as  might  be  expected,  when  at  the  time  of  deposition,  a  barrier 
of  older  rocks  existed  between  two   coal-fields.     Instances   are   known 
where  two  collieries  belonging  to  the  same  company,  but  separated  by 
a  bar  of  mica  schist  rocks,  are  working  seams  of  coal  at  about  the  same 
horizon,  though  so  distinct  in  appearance  and  quality  as  to  render  it 
quite  impossible  to  identify   one   with  the   other,   although   they  are 
generally  believed  to  be  contemporaneous. 

Coal  from  the  Eocene  beds  is  generally  described  as  lignite,  but  it  is 
highly  bituminous  in  appearance,  notwithstanding  its  recent  geological 
age,   and   may   be   used   for   nearly   every   purpose  for   which   coal   is 
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required.  It  possesses  a  brilliant  black  lustre,  conchoidal  fracture, 
compact  texture ;  and  on  account  of  its  physical  appearance  might 
easily  be  taken  for  a  coal  of  older  geological  age  than  Tertiary.  This 
appearance  is,  however,  probably  due  to  the  metamorphism  which  it  has 
undergone,  by  reason  of  the  movements  and  pressure  accompanying  the 
eruptions  and  tilting  to  which  it  has  been  subjected  since  laid  down, 
and  thus  caused  the  coal  to  assume  the  appearance  of  true  coal  rather 
than  that  of  a  lignite. 

The  Miocene  system  is  found  extensively  in  the  southern  portion  of 
the  continent,  and  consists  of  beds  of  sands  and  clays,  interspersed  with 
thick  seams  of  lignite  which,  owing  to  their  poor  quality,  have  been  but 
little  worked. 

Owing  to  the  faulted  condition  of  the  Tertiary  formation  it  is 
impossible  to  state  the  thickness  of  the  different  divisions,  but  the 
Eocene  along  the  coast  at  one  place  has,  by  mining  operations,  been 
shown  to  exceed  a  thickness  of  1,500  feet. 


Description  of  Coal-ftehh. — The  principal  coal-fields  exploited  in  Chili 
are  of  Eocene  age,  and  that  extending  from  Coronel  to  Lota  has  been 
most  extensively  worked :  in  fact  mining-operations  have  been  carried  on 
there  for  nearly  50  years.  It  is  separated  by  a  barrier  of  older  rocks 
into  two  coal-fields,  but  they  are  undoubtedly  contemporaneous,  and  for 
practical  purposes  may  be  considered  as  one  field. 

The  following  is  a  representative  section  of  the  strata  at  Coronel  :  — 


Thick- 

Thick- 

DeptI 

i 

ness 

of  ; 

Depth  from 

ness 

of 

from 

No.        Description  of  Strata. 

Strata. 

Surface. 

No.    Description  of  Strata. 

Strata. 

Surface. 

Ft. 

In. 

Ft. 

In. 

Ft. 

In. 

Ft. 

In. 

1  Sand    

10 

0 

10 

0 

21  Coarse  sand  ... 

6 

0 

299 

0 

2  Coarse  sandstone 

8 

0 

18 

0 

22  Brown  sandstone 

6 

0 

305 

0 

3  Blue  sandstone 

126 

0 

144 

0 

23  Blue  sandstone 

5 

0 

310 

0 

4  Brown  sandstone 

3 

0 

147 
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24  Grey  sandstone 
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0 

312 

0 

5  Dark  grey  shale 

1 

0 

148 

0 

25  Light-coloured 

shale 

o 

0 

314 

0 

6  Blue  stone,  with  boul- 

26 Dark     brown 

sand- 

ders  of  sandstone 

15 

0 

163 

0 

stone 

6 

0 

320 

0 

7  Greenish    grey   sand- 

27 Blue  shale      ... 

5 

0 

325 

0 

stone 

37 

0 

200 

0 

28  Sandstone 

7 

0 
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0 

8  COAL,  1  foot  to     ... 

2 

0 
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0 

29  Coarse      light 
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9  Dark  c lunch  ... 

3 

0 
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0 

sandstone  ... 

27 

0 
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0 

10  Soft  grey  stone 

5 

0 
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0 

30  COAL 

•  •  ■ 

2 

0 
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0 

11  Seggar-clay    ... 

9 

0 

219 

0 

31  Dark     brown 

sand- 

12  Soft  sandstone 

6 

0 

225 

0 

stone 

... 

3 

0 
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0 

13  COAL,  Veta  Chica... 

3 

0 

228 

0 

32  Grey  sandstone 

14 

0 

378 

0 

14  Clay 

2 

0 

230 

0 

33  Coarse  seggar-clay    . . 

3 

0 

381 

0 

15  Coarse  sandstone 

13 

0 

243 

0 

34  Soft  coarse  sandstone  45 

0 
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0 

16  Chinch            

5 

0 

248 

0 

35  Dark  shale     ... 

8 

0 

434 

0 

17  COAL,  Upper  Seam 

4 

0 

252 

0 

36  COAL 

0 

5 

434 

5 

18  Seggar-clay   ... 

3 

0 

255 

0 

37  Shale 

■  •• 

2 

0 

436 

5 

19  COAL            

0 

5 

255 

5 

38  COAL,     Veta 

Aha, 

20  Seggar-clay    ... 

37 

7 
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0 

4  feet  to    ... 

•  t#t 

6 

0 
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5 
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A  borehole  has  been  put  down  2;>()  feet  below  the  Yeta  Alta  coal- 
Beam,  which  is  the  principal  one  in  this  neighbourhood,  but  it  only 
encountered  three  wry  thin  coal-seams  varying  from  (J  to  15  inches 
in  thickness,  whilst  in  other  parts  the  older  rocks  come  close  up  to  the  Yeta 
Alta  coal-seam,  owing  to  the  decided  unconformity  existing  between  the 
Tertiary  strata  and  the  mica-schists. 

The  principal  collieries  at  Coronel  and  Lota  belong  to  Messrs. 
Schwager  and  the  Lota  Mining  Company,  and  very  extensive  submarine 
mining-operations  are  being  carried  on,  most  of  the  coal-seams  to  the 
rise  Inning  been  already  worked.  The  mines  are  equipped  with  modern 
appliances,  and  the  output  from  these  establishments  alone  exceeds 
250,000  tons  per  annum,  whilst  both  companies  have  extensions  in  hand, 
which,  when  completed,  are  calculated  to  materially  increase  the  output. 
There  are  other  mines  at  work  in  this  neighbourhood,  but  only  on  a  small 
scale,  and  not  of  sufficient  importance  to  need  more  than  passing  mention. 
A  small  colliery  exists  at  Cerro  Verde,  close  to  Concepcion,  but  the 
coal  is  of  poor  quality,  and  the  output  is  sold  in  the  immediate  neigh- 
bourhood. 

Farther  inland,  in  a  south-easterly  direction,  a  large  area  of  coal- 
measures  exists,  but  only  a  small  proportion  of  the  area,  owing  to  being 
broken  up  by  faults,  contains  workable  seams  ;  and  a  lesser  proportion 
being  within  reach  of  a  railway,  mining  operations  on  comparatively  a 
small  scale  only  can  be  carried  on.  Under  this  head  will  come  all  the 
mines  belonging  to  the  Arauco  Railway  Company  at  Peumo,  Maquegua, 
Quillachanquin,  Colico,  and  Curanilahue. 

Although  these  coal-fields  are  an  extension  of,  and  contemporaneous 
with,  the  Coronel  coal-field  previously  described,  and  although  the  same 
Beams  can  be  traced  over  a  considerable  area  of  the  western  districts, 
the  Veta  Alta,  the  principal  coal-seam  worked  at  Coronel,  has  become 
so  debased  and  intermixed  with  shale  as  to  become  quite  unworkable 
until  Curanilahue  is  reached.  There  it  again  appears  as  a  seam  of  pure 
coal,  but  with  only  an  average  thickness  of  about  3  feet,  in  which  state 
it  can  be  traced  as  far  south-east  of  Curanilahue  as  Cuyinco,  some  20 
miles  distant,  and  due  south  to  Lebu,  a  distance  of  45  miles,  where  it 
attains  a  thickness  of  from  6  to  9  feet. 

About  500  feet  above  the  Yeta  Alta  coal-seam,  however,  another 
series  of  coal-seams  exist ;  they  are  of  a  very  patchy  character,  but  for 
several  years  the  Yergarra  coal-seam,  of  fair  quality,  was  successfully 
worked  at  Quillachanquin  and  Mora,  near  Colico. 

As  previously  mentioned,  about  9  miles  farther  south  of  Colico,  the 
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Yeta  Alta  coal-seam  again  makes  its  appearance  in  a  workable  condition 
at  Cnranilalme,  but  it  is  so  broken  up  into  small  coal-fields  by  faults  as 
to  render  its  working  very  difficult  and  expensive,  a  condition  of  things 
that  exists  as  far  east  and  south  as  the  seam  has  been  traced,  although  it 
is  probable  that  in  a  westerly  direction,  farther  away  from  the  line  of 
upheaval,  a  better  condition  of  affairs  may  be  found  to  exist. 
Accompanying  the  Veta  Alta  coal-seam,  here  as  in  Ooronel,  other  seams 
are  found  of  workable  thickness,  but  they  contain  such  high  percentages 
of  ash  and  sulphur,  and  are  of  such  low  heating  power,  that  attempts  to 
work  them  at  Peumo,  Maquegua,  and  elsewhere  have  resulted  in  failure. 

Along  the  coast,  south  of  Coronel,  numerous  outcrops  of  coal  are 
found,  but  here,  as  farther  inland,  the  coal-fields  are  so  broken  up  by 
faults  as  to  make  their  successful  working  an  utter  impossibility,  one  of 
the  most  signal  failures  being  at  Huena  Piden,  where  thousands  of 
pounds  were  spent  in  the  construction  of  coal-tips,  railways,  and  in  open- 
ing of  mines,  only  to  find,  when  all  the  money  had  been  spent,  that  no 
coal-field  worthy  of  mention  existed.  All  the  inland  coal-fields  so  far  dis- 
covered suffer  more  or  less  from  numerous  faults,  and  unless  very 
advantageously  placed  in  other  respects  their  successful  working  will  in 
most  cases  prove  impossible. 

Passing  still  farther  south  along  the  coast,  we  come  to  the  Lebu  coal- 
mines, at  present  being  worked  by  the  Chilian  Smelting  Company,  and 
formerly  by  Messrs.  Errazuriz. 

The  strata  and  coal-seams  at  Lebu  have  a  striking  similarity  to  the 
Coronel  coal-measures,  and  in  the  principal  shaft  the  following  seams  of 
coal  were  proved  : — 

No.  Description  of  Strata. 

1  Measures,  principally  sandstone  with  large 

quartz-grains  and  beds  of  conglomerate 

2  COAL,  Hutrera  Seam         

3  White  sandstone 

4  COAL,  with  pyrites 

5  Measures,  principally  sandstone  with  beds 

of  black  shale  and  a  thin  seam  of  coal... 

6  COAL,  Litih  Seam 

7  Black  shale    ... 

8  COAL,  Veta  Alta  or  Main  Seam... 

There  are  other  shafts,  570  and  755  feet  deep  respectively,  but  these 
traverse  the  same  measures  as  those  already  given.  The  Lebu  coal-mines 
have  been  working  for  over  30  years,  the  Pique  Amalia  being  the  deepest 
coal-shaft  at  work  in  Chili.     These  mines  have  a  short  railway  connect- 


Thickness 
of  Strata. 
Ft.     Ins. 

Depth  from 
Surface. 
Ft.    Ins. 

570    0 

570    0 

3    0 

573    0 

13    0 

586    0 

1     6 

587     6 

480    6 

1,068    0 

3    0 

1,071     0 

29    0 

1,100    0 

9    0 

1,109    0 

COAL-FIKIiMS  OF  CHILI.  149 

ing  them  with  the  coast,  and  are  well  fitted  up  with  machinery,  it  being 
evident  that  Messrs.  Brrazuriz  have  spared  no  expense  in  appliances, 
the  outlay  probably  exceeding  £250,000  for  an  output  varying  from 
;><U)00  to  80,000  tons  per  year.  The  Jiutrera,  Veta  Chica,  and  Veta 
Aha  coal-seams  are  being  worked.  The  two  former  are  a  little  over 
;>  feet  thick,  of  poor  quality,  but  with  good  roofs,  and  comparatively  easy 
to  work.  The  Veta  Alta  seam  yields  the  best  coal,  but  is  more  difficult 
to  work  on  account  of  its  bad  roof,  and  liability  to  spontaneous  combus- 
iton.  Its  thickness  varies  from  G  to  9  feet.  No  proper  system  of  work- 
ing this  seam  has  yet  been  tried,  but  there  is  no  doubt  that  if  European 
methods  of  working  seams  of  coal  of  moderate  thickness,  with  a  bad  roof 
and  liability  to  spontaneous  combustion  were  tried,  these  collieries 
would  yield  far  better  results  than  have  hitherto  been  achieved. 

Still  farther  south,  outcrops  of  good  coal  belonging  to  the  Eocene 
formation  are  to  be  seen  in  Valdivia,  notably  at  Punta  Corona,  near 
Ancnd,  but  the  farther  south  we  get,  and  the  thicker  the  seams  become, 
the  less  work  has  been  done  on  them,  probably  on  account  of  want  of 
markets,  and  their  low  calorific  power.  This  is  notably  the  case  with 
regard  to  the  Magellan  beds  of  lignite,  several  of  which  attain  a  thickness 
of  from  12  to  15  feet.  These  beds  of  coal  are  more  lignitic  in  character 
than  those  found  at  Coronel,  and  the  writer  is  of  opinion  that  they 
belong  to  the  Miocene  formation,  and  are  consequently  of  a  more  recent 
geological  age.  The  writer  has  also  seen  at  Angol,  about  100  miles  south- 
east of  Concepcion,  similar  beds  of  lignite,  apparently  of  Miocene  age,  but 
too  poor  in  quality  to  compete  with  Coronel  coal. 

Quality  of  Coal. — The  quality  of  the  coal  produced  by  the  Chilian 
mines  varies  considerably,  the  most  uniform,  as  well  as  the  best,  being 
that  obtained  from  the  Veta  Alta  coal-seam  ;  in  fact,  this  seam  wherever 
worked,  may  be  considered  as  uniformly  good  for  steam  and  general  pur- 
poses. The  following  analyses  of  this  seam  at  two  representative  collieries, 
may  be  said  to  show  the  different  variations  throughout  the  district : — 


Sample. 

(i.) 

Per  Cent. 

(2.) 
Per  Cent. 

Carbon    ... 

55-00 

54-00 

Volatile  matter . . . 

41-10 

39-00 

Moisture ... 

2-40 

2-00 

Ash          

1-50 

5-00 

100-00        ...       100-00 

Other  analyses  show  the  sulphur  to  be  about  0*60  per  cent.     The 
calorific  power  runs  up  to  6,420  units.     Other  seams,  such  as  the  Hutrera 
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and  Chica,  accompanying  the  Veta  Alta  coal-seam,  contain  from  8  to  14 
per  cent,  of  ash,  and  from  4  to  7  per  cent,  of  moisture,  so  that  when 
mixed  with  Yeta  Alta  coal  an  ordinary  quality  of  coal  is  produced.  The 
Maquegua  mines,  when  worked,  yielded  a  coal  which  contained  no  less 
than  2*24  per  cent,  of  sulphur,  4*50  per  cent,  of  moisture,  and  less  than 
5  per  cent  of  ash. 

The  upper  coal  series  likewise  varies  considerably  in  quality,  the 
Vergarra  coal-seam  when  worked  at  Quillachanquin,  and  its  equivalent 
the  Mora  coal-seam  now  worked  at  Colico,  produce  serviceable  coals, 
although  rather  high  in  sulphur  and  ash  and  liable  to  form  clinkers. 

The  coal  from  the  Veta  Alta  coal-seam  at  Lebu  is  useful  for  steam 
and  general  purposes,  but  the  Valdivian  deposits  are  somewhat  high  in 
ash  and  moisture,  and  have  only  a  calorific  power  of  5,800  units. 

Passing  farther  south  still,  into  the  Magellan  territory,  we  obtain 
fuel  more  like  true  lignite  in  character,  and  charged  with  from  14  to  17 
per  cent,  of  moisture,  the  result  being  that  when  placed  on  boiler-fires, 
it  readily  breaks  into  small  fragments,  and  falls  through  the  bars.  Its 
percentage  of  ash  varies  from  10  to  15  per  cent.  The  calorific  power 
averages  about  5,000  units,  but,  owing  to  its  peculiar  action  on  the  fire, 
it  is  only  about  half  as  serviceable  as  average  British  coal,  whilst  the 
best  descriptions  of  Chilian  coal  approach  British  within  20  to  25  per 
cent. 

It  may  be  generally  taken  for  granted,  in  Chili,  wherever  the  coal  is 
of  such  a  poor  quality  as  to  require  screening  or  other  preparations  for 
the  market,  that  such  mines  cannot  be  worked  at  a  profit,  there  being  no 
market  for  the  small  coal ;  and  for  this  reason  the  only  successful  mines 
are  those  able  to  dispose  of  the  bulk  of  their  output  unscreened. 

About  3  years  ago,  one  of  the  principal  companies  introduced  screen- 
ing on  an  extensive  scale,  with  the  result  that  they  have  been  compelled 
to  go  into  liquidation,  notwithstanding  the  fact  that  when  the  output 
was  sold  without  being  screened  they  made  a  profit  of  no  less  than  2s.  to 
3s.  per  ton.  The  washing  of  a  dirty  coal  is  difficult :  owing  to  the  dirt 
1  )eing  so  intimately  mixed  with  the  coal  and  being  of  about  the  same 
specific  gravity,  only  a  slight  reduction  in  the  percentage  of  ash  is 
obtained  by  washing,  unless  the  impurities  consist  mainly  of  iron  pyrites, 
which  can  more  effectively  be  picked  out  by  hand. 

The  manufacture  of  briquette-fuel  has  been  introduced,  but  the  high 
price  of  pitch  and  native  prejudice  seem  to  have  hitherto  prevented  them 
from  being  a  success,  notwithstanding  that  in  some  of  the  steamers  and 
farther  north  in  the  nitrate-fields  they  are  being  continually  used. 
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Methods  of  Working. — The  methods  of  working  necessarily  vary 
according  to  the  circumstances.    The  inland  coal-fields  being  faulted,  great 

care  is  necessary  so  that  the  position  of  the  coal  may  be  accurately  known 
before  any  work  of  importance  is  undertaken,  as  they  are  so  often  split 
up  by  faults  that  successful  working  is  out  of  the  question,  or  they  can 
only  be  worked  on  a  very  small  and  expensive  scale.  When  the  seam  of 
coal  is  frequently  faulted  to  the  surface,  a  main-incline  road  is  driven 
along  the  dip  of  the  seam,  and  levels  are  driven  off  at  convenient  intervals. 
If  an  adit  can  be  driven  from  a  lower  level  than  the  outcrop,  and  give 
plenty  of  backs  to  pay  for  the  expense  of  driving,  it  is  of  course  best  to 
attack  the  seam  of  coal  on  this  system,  but  most  of  the  principal  mines 
have  vertical  shafts,  especially  where  the  outcrop  coal  has  been  already 
worked,  or  the  seams  are  under  the  sea.  Seams  with  a  bad  roof 
or  floor  are  generally  worked  on  the  pillar-and-stall  system,  but  where 
conditions  are  favourable,  a  modified  system  of  longwall  has  been  intro- 
duced with  considerable  success.  At  Messrs.  Schwager's  coal-mines  at 
Coronel,  the  longwall  system  is  being  successfully  carried  on  under  the 
sea  wherever  the  conditions  are  favourable,  the  manager  of  these  mines 
considering  it  possible  to  work  longwall  successfully  where  a  cover  exists 
of  more  than  250  feet.  This  is  the  only  instance  known  to  the  writer  in 
Chili,  where  this  method  is  being  carried  on  under  the  sea,  and  had  not 
this  system  been  introduced  there  is  no  doubt  that  these  mines  would 
have  been  exhausted  some  time  ago,  owing  to  the  pillars  that  it  would  have 
been  necessary  to  leave,  under  the  pillar-and-stall  system.  Several 
collieries  worked  on  the  pillar-and-stall  system  in  the  neighbourhood  have 
been  abandoned,  owing  to  the  sea  breaking  into  the  mines.  At  Lota,  the 
pillar-and-stall  system  is  systematically  and  successfully  carried  on  under 
the  sea,  but  the  proportion  of  the  seam  left  standing  in  pillars  is  great. 
At  Colico  and  Lebu,  a  modified  system  of  longwall  is  carried  on  in  some 
of  the  mines,  and  in  others  pillar-and-stall  according  to  circumstances. 
In  other  parts  of  Chili,  mining  operations  have  been  carried  on  to  so 
limited  an  extent  as  not  to  need  special  mention. 

Li i hour. — The  labour  is  all  carried  on  by  Chilians.  They  are  a  handy, 
strong  set  of  men,  but  fonder  of  wine  and  holidays  than  work,  yet  not 
altogether  without  their  good  qualities.  In  many  respects  they  are 
clever,  and  can  turn  their  hands  to  any  work  required  about  a  mine,  such 
as  coal-getting,  tramming,  timbering,  stonework,  engine-driving,  stoking, 
and  even  carpentry  and  smith -work  does  not  come  amiss  to  them,  whilst 
trained  mechanics,  carpenters,  and  smiths  are  not  far  behind  Europeans. 
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In  timbering  and  tramming  they  are  equal,  if  not  superior,  to  Europeans, 
but  in  coal-getting  they  are  inferior  :  probably  to  the  same  extent  as  their 
pay,  as  they  only  receive  from  Is.  6d.  to  2s.  6d.  per  day,  and  are  supposed 
to  work  12  hours  for  it.  Generally  speaking,  a  Chilian  coal-miner  will 
get  and  fill  from  lj  to  3  tons  per  day,  and,  in  addition,  attend  to  his 
timbering.  Owing,  however,  to  the  large  number  of  other  hands  necessary 
about  a  mine  in  Chili,  the  average  output  of  coal  will  run  from  only  6  to  12 
cwts.  per  man  employed,  according  to  circumstances. 

Cost  of  Working. — The  cost  of  working,  owing  to  the  broken 
condition  of  the  coal-fields,  is  necessarily  high,  and  the  most  advan- 
tageously placed  mines  cannot  produce  coal  for  less  than  from  7s.  to  9s. 
per  ton,  the  details  of  which  come  out  as  under  : — 

Classes  of  Labour. 
General  service     ... 
Coal-getting 

Hauling  and  tramming  ... 
Maintaining  roads 
Stores  and  timber 
Management,  office  expenses,  and  royalty,  etc. 

Totals        7     0   ,,   9    0 

In  the  inland  coal-fields,  where  the  ground  is  more  broken  and  the 
mines  are  very  expensive  to  keep  open  so  as  to  maintain  a  fair  output,  the 
cost  will  vary  according  to  prevailing  circumstances.  The  initial 
expenses  of  opening  mines  in  these  detached  coal-fields  are  also  heavy, 
as  much  time  and  labour  has  to  be  spent  in  proving  the  field  before  the 
best  system  of  working  can  be  decided  upon.  Even  when  every  care 
has  been  taken,  very  often  unexpected  faults  are  discovered,  and  much 
expense  entailed  before  the  mines  become  again  productive. 

Markets. — The.  principal  market  for  native  coal  in  Chili  is  found 
amongst  the  steamers,  and  in  fact  several  of  the  principal  collieries 
almost  exclusively  depend  on  the  bunkering  trade  for  the  disposal  of 
their  output.  Next,  the  state  railways  probably  consume  about  150,000 
tons  per  year.  Other  collieries  dispose  of  their  output  amongst  the 
copper-smelting  works.  Chili  is,  however,  but  a  poorly  populated 
country,  badly  provided  with  industries,  and  consequently  only 
possesses  a  limited  market  for  its  native  coal,  the  peculiar  circumstances 
under  which  the  nitrate-of-soda  industry  is  placed  in  the  north  enabling 
it  to  import  and  use  to  greater  advantage  the  superior  kinds  of  British 
coal,  which  may  be  said  to  be  about  25  per  cent,  better  than  Chilian  coal. 
Australian  coal  is  also  used  in  competition  with  native  coal,  being  quite  as 
good,  and  when  specially  selected  it  is  said  to  be  about  10  per  cent,  better. 
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The  President  (Mr.  (i.  P>.  Walker)  stated  that  large  quantities  of 
Australia!]  coal  were  sent  bo  Valparaiso,  and  enquired  how  local  prices  com- 
pared, because  coal  which  cost  7s.  or  8s.  free-on-board  at  Newcastle,  New 
South  Wales,  would  cost  at  least  5s.  per  ton  for  freight,  even  when  the 
coal  was  taken  as  ballast,  and  he  presumed  that  local  coasting-freights 
were  somewhat  heavy?  The  thickness  of  the  seams  — even  8  feet  was 
extraordinary  for  seams  of  Eocene  age  — and  the  fact  that  coal  laid  been 
deposited  in  that  position,  which  represented  probably  an  area  of  deposi- 
i  ion  within  a  very  recent  geological  time,  must  point  to  enormous  changes 
in  the  geological  structure  of  the  South  American  continent  within  that 
period.  He  understood  Mr.  Gascoyne  to  state  that  true  coal,  such  as  did  not 
contain  a  high  proportion  of  moisture,  did  not  extend  into  Patagonia. 
Consequently,  any  coal  required  at  Punta  Arenas  and  other  places  on  the 
Straits  of  Magellan  would  have  to  come  from  Great  Britain  or  Australia. 
He  had  pleasure  in  moving  a  vote  of  thanks  to  Mr.  Gascoyne  for  his 
interesting  paper. 

Mr.  John  Nevin  (Mirrield)  seconded  the  motion,  and  it  was  unani- 
mously approved. 

Mr.  H.  B.  Nash  (Barnsley)  asked  what  royalties  were  paid  on  coal  in 
Chili,  to  whom  the  mineral  belonged,  and  the  system  of  acquiring  the 
concession  ? 

Mr.  T.  W.  H.  Mitchell  remarked  that  250  feet  of  cover  seemed 
very  little  for  mines  worked  under  the  sea. 

Mr.  R.  Gascoyne,  replying  to  the  discussion,  stated  that  the  price  of 
Australian  coal  at  Valparaiso  varied  from  20s.  to  22s.  per  ton.  Aus- 
tralian was  a  trifle  better  than  Chilian  coal.  Chilian  coal  cost  8s.  a  ton 
to  mine,  screening  added  5s.  a  ton,  and  to  get  that  put  on  ship-board 
would  cost,  say,  3s.  a  ton,  making  1 6s.  per  ton  in  all.  Recent  contracts 
for  native  coal  at  Valparaiso  were  let  at  18s.  a  ton,  so  that  there  was  not 
much  profit  in  the  transaction.  Coal  for  steamers  at  Magellan  was  brought 
from  Great  Britain,  as  Chilian  coal  was  not  taken.  Coal  in  Chili  belonged 
to  the  surface-owner,  and  an  ordinary  royalty  was  30  cents,  or  6d.  per  ton. 
Sometimes  the  royalty  would  be  taken  at  a  fixed  sum,  and  when  the  out- 
put was  increased,  the  royalty  might  work  out  to  3d.  or  4d.  a  ton,  but 
6d.  a  ton  was  considered  a  fair  royalty.  About  250  feet  was  quite  safe 
to  work  coal  by  the  longwall  system  under  the  sea,  as  the  roof  was  a 
strong  sandstone,  and  great  care  was  taken  to  pack  the  workings  solid 
with  refuse,  and  to  make  the  roads  roomy  and  big  in  the  first  working. 

Further  discussion  was  adjourned. 
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SUPPLEMENTARY  NOTES  TO  MR.  R.  GASCOYNE'S  PAPER 
ON  THE  "COAL-FIELDS  OF  CHILI." 


By  G.  BLAKE  WALKER. 

Mr.  Gascoyne's  paper  had  opened  up  a  very  large  and  interesting 
subject,  and  before  the  discussion  on  it  was  closed,  it  will  be  well  to 
bring  together  some  further  facts  with  regard  to  the  stratified  forma- 
tions of  Chili,  some  of  which  might  contain  coal-fields  still  unexplored. 
Rocks  of  Carboniferous  age  had  not  been  identified  in  that  country. 

The  memoirs  of  Mr.  Pissis*  (Geologist  to  the  Chilian  Government) 
and  Messrs.  Mallard  and  Fuchs,f  together  with  a  recent  contribution  to 
the  Mineral  Society  of  Chili  by  Prof.  Nogues,  form  the  basis  of  the 
following  notes. 

In  order  to  understand  the  geological  structure  of  Chili,  it  is  neces- 
sary to  bear  in  mind  that  an  elevated  valley  extends  in  a  northerly  and 
southerly  direction  between  the  great  chain  of  the  Andes  and  the  lower 
range  which  flanks  the  shores  of  the  Pacific  Ocean.  The  chain  of  the 
Andes  extends  to  the  extremity  of  the  continent,  where  it  ends  in  the 
Archipelago  of  Chiloe.  The  intervening  plain  between  these  two  ranges 
contains  the  most  fertile  and  thickly  populated  portion  of  Chili. 

On  reference  to  the  geological  map  of  Chili,  prepared  by  Mr.  Pissis,J 
it  will  be  seen  that  the  Tertiary  §  formations,  which  are  the  coal-bearing 
strata  in  Chili,  occur  at  only  two  points  west  of  the  coast  chain  ;  but  are, 
together  with  the  Quarternary  formations,  considerably  more  developed 
in  the  interior  valley.  The  elevation  of  the  latter  gradually  increases 
towards  the  north,  and  at  the  capital,  Santiago,  attains  an  elevation  of 
1,80<)  feet.  Still  further  to  the  north,  the  coast  range  practically  dies 
out,  and  a  sterile  plain,  the  Desert  of  Atacama,  extends  to  the  coast. 
This  desert  is  separated  from  the  valley  of  Chili  by  a  cross  ridge,  which 
unites  the  Andes  with  the  coast  range.  To  the  north  the  country  is  arid 
and  desolate,  and  to  the  south  it  is  exceedingly  fertile,  with  an  excellent 
climate.  It  seems  probable  that  the  areas  occupied  by  Tertiary  strata 
represent  two  parallel  valleys,  of  which  the  more  westerly  has  almost 
entirely  disappeared,  but  which  were  both  the  sites  of  the  deposition  of 
the  vegetable  matter  from  which  the  coal  deposits  have  originated. 

*  Annates  des  Mines,  Paris,  1873,  vol.  iii.,  page  402.         t  Ibid. ,  page  67. 

I  Ibid.,  1873,  vol.  iii.,  plate  IX. 

§  Prof.  Darwin  considered  it  doubtful  whether  these  beds  belonged  to  the  close 
of  the  Secondary  or  the  commencement  of  the  Tertiary  epoch. 
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At  first  sight,  it  Beems  extraordinary  that,  whereas  on  the  eastern 
slopes  of  the  Andes,  in  the  Argentine  Republic,  there  are  immense  plains 
formed  of  the  sedimentary  deposits  brought  down  by  the  rivers  during 
the  Qnarternary  period,  on  the  western  slopes  there  are  absolutely  no 
plains,  and  the  older  formations  constitute  the  coast  line  of  the  Pacific. 
The  explanation  of  this  extraordinary  difference  is  to  be  found  in  the  fact 
that  the  western  coast  of  America  is  an  area  of  upheaval,  whereas  the 
eastern  slope  is  an  area  of  subsidence.  The  fact  of  the  elevation  of  the 
west  coast  of  Chili  and  Peru  is  evidenced,  not  only  by  recent  observations, 
but  by  the  series  of  raised  beaches  which  the  coast  presents,  and  the  vast 
alluvial  plains  of  Rosario  and  Buenos  Ayres  equally  testify  to  the  depres- 
sion of  the  areas  within  which  they  are  situated. 

As  Mr.  Gascoyne  had  pointed  out,  the  Tertiary  formation  of  Chili  is 
remarkable  for  the  beds  of  workable  coal  and  lignite  which  it  contains. 
In  the  neighbourhood  of  Concepcion,  this  formation  consists  of  sandy  and 
argillaceous  strata  containing  a  number  of  seams  of  coal. 

From  the  fossil  remains  it  is  evident  that  the  age  of  the  coal-measures 
is  the  same  as  that  of  the  London  and  Paris  basins,  and  that  the  uncon- 
formity which  distinguishes  the  Eocene  deposits  in  Great  Britain  and 
France  with  the  underlying  beds  is  also  very  marked  in  Chili,  the 
deposits  in  question  having  been  laid  down  on  crystalline  schists,  which 
are  inclined  at  a  very  steep  angle,  while  the  Tertiary  rocks  have  only 
undergone  a  comparatively  slight  amount  of  upheaval. 

Mr.  Pissis  writes  of  these  Tertiary  formations  as  follows  : — "  The 
region  situated  to  the  west  of  the  Andes  contains  two  kinds  of  Tertiary 
rocks,  lake  beds  and  marine  formations.  The  latter  are  scarcely  ob- 
servable, except  in  the  south  and  to  the  west  of  the  coast  range  of  Chili, 
where  they  occur  close  to  the  sea." 

Prof.  Nogues  considers  that  coal-bearing  rocks  belonging  to  distinct 
Geological  epochs  occur  in  Chili  : — 

(1)  Jurassic. — Quilcoya  group,  a  system  of  black  schists  and  quartzo- 
felspathic  sandstones  with  anthracite  coals  (Marine  formation). 

(2)  Cretaceous-Eocene. — Arauco  group,  containing  the  strata  in 
which  the  coals  worked  at  Lota,  Coronel  and  other  neighbouring  places 
occur. 

(3)  Miocene. — Arenaceous  and  argillaceous  rocks  with  lignites 
(Lacustrine  formation). 

Prof.  Sundt,  in  a  paper  contributed  to  the  Mineral  Society  of  Santiago 
de  Chili,*  argued  the  probability  of  the  existence  of  the  Arauco  forma- 

*  1897,  vol.  x.,  part  3. 


156  COAL-FIELDS  OF  CHILI. 

tion  beneath  the  Miocene  and  Quar ternary  strata  of  the  great  Chilian 
valley,  and  advocates  borings  being  undertaken  by  the  Government  to 
ascertain  whether  this  be  the  case. 

The  general  geological  structure  of  the  country  may  be  thus  sum- 
marized : — 

The  most  extensive  beds  of  this  part  of  America,  those  on  which  all 
the  other  formations  rest  are  formed  by  the  crystalline  schists. 

In  Chili,  the  rocks  of  this  formation  show  themselves  on  the  edge  of 
the  sea,  and  form  a  great  part  of  the  maritime  chain.  A  complete  series 
of  these  rocks  may  be  observed  between  38°  and  41°  south  latitudes,  and 
micaceous  quartzites,  very  regularly  stratified,  alternate  with  beds  of 
glased  schists. 

Silurian  and  Devonian.— Above  the  crystalline  schists,  a  series  of 
beds  composed  of  sandstones,  psammites  and  micaceous  schistoids  appear. 
These  rocks  show  themselves  on  the  western  slopes  of  the  Andes  of 
Bolivia,  where  they  rest  directly  on  and  conformably  to  the  crystalline 
schists.  Fossils  are  rare,  but  trilobites,  brachiopods,  and  impressions  of 
sponges  have  been  found.  The  same  formation  shows  itself  in  Chili, 
from  the  Straits  of  Magellan  to  the  Desert  of  Atacama.  Between  Biobio 
and  Manle  it  is  composed  of  sandstones  and  anthracitic  schists.  It 
contains  some  vegetable  remains  or  impressions,  but  only  one  small 
animal  fossil  has  been  discovered.  Towards  the  north,  this  formation 
experiences  remarkable  changes  in  its  composition  ;  the  sandstones  are 
represented  by  porphyritic  rocks,  and  the  schists  become  siliceous  ;  and 
it  is  in  this  state  that  it  appears  on  the  north  of  Chili.  On  account  of 
its  great  development  this  formation  ought  to  correspond  to  several 
formations  in  Europe  ;  but  here  nothing  appears  to  justify  this  supposi- 
tion, neither  unconformity  of  the  strata  nor  their  composition  ;  they 
succeed  each  other  with  remarkable  parallelism,  and  if  they  change  their 
composition  the  change  takes  place  gradually.  All  evidence  tends  to 
prove  that  this  formation  is  a  representative  of  the  series  of  formations, 
embracing  from  the  Carboniferous  to  the  Lower  Silurian. 

Permian. —  Beds  of  red  sandstone  rests  on  this  great  formation ;  most 
frequently  they  are  formed  of  conglomerates  or  pudding-stones,  and  of 
sandstones  more  or  less  fine,  almost  always  coloured  red  by  oxide  of  iron, 
sometimes  green  by  chloride  of  silica,  or  yellow-grey  hydrate  of  iron. 
This  formation  is  found  on  the  Bolivian  plateau  on  both  sides  of  the 
western  chain,  thus  forming  two  zones,  separated  from  each  other  by 
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plu tonic  rocks.  It  is  met  with  on  the  south  of  the  Luke  of  Titicaca, 
where  it.  extends  between  S.  Andre  and  Corocoro.  Thence  it  stretches 
towards  t lie  south,  where  it  forms  part  of  the  mountain  of  San  Miguel 
and  Carangas.  Tt  reappears  in  the  Desert  of  Atacama,  at  the  mines  of 
San  Bartolo,  near  to  Atacama.  In  the  Cordilleras  of  Veras  and  the 
valley  of  Ternera  it  forms  a  great  part  of  the  Chilian  Andes,  of  which  it 
forms  some  of  the  most  elevated  peaks,  and  is  visible  as  far  south  as  37° 
south  latitude. 

The  only  fossils  which  are  found  in  this  formation  are  the  remains  of 
vegetation.  In  the  valley  of  Ternera,  it  contains  several  beds  of  anthra- 
cite ;  and  in  the  Cordillera  of  Pillanmauida,  which  rises  on  the  east  of 
the  Lake  of  Laja,  it  contains  a  great  quantity  of  the  stalks  of  calamites. 

The  red  sandstones  have  a  great  tendency  to  pass  into  the  por- 
phyritic  state.  It  is  almost  always  thus  that  they  present  themselves  on 
the  western  slopes  of  the  Chilian  Andes.  The  sandstones  and  pudding 
stones  of  Pillanmauida  are  true  porphyritic  rocks,  and  the  stems  of 
calamites  are  found  enclosed  with  felspar  crystals. 

Trias. — The  sandy  and  agrillaceous  beds,  coloured  green  and  red,  and 
in  which  gypsum  and  rock-salt  are  often  found,  rest  on  the  formation  of 
the  red  sandstone,  and  also  show  themselves  in  other  localities,  where 
they  cover  the  more  ancient  beds  and  constitute  an  independent  forma- 
tion. 

They  occupy  on  the  Bolivian  plateau,  a  great  part  of  the  space  com- 
prised between  S.  Andre  and  Santiago  and  Machaca,  and  form  further  to 
the  east  the  upper  part  of  the  Cordilleras  of  Quinsacruces. 

So  far  no  fossils  have  been  found  in  these  beds,  which  allow  of  their 
being  pateonto^ogically  classed  ;  but  their  situation  between  the  red 
sandstones  and  the  oolitic  formation  indicates  that  they  ought  to  corre- 
spond with  the  Triassic  formation. 

Oolite. — This  formation  is  not  found  on  the  elevated  plateau.  It  is 
found  in  the  Desert  of  Atacama,  and  extends  as  far  as  34°  south 
latitude,  forming  beds  more  or  less  extensive,  which  occupy  sometimes 
the  summit  of  the  Andes,  and  sometimes  certain  parts  of  the  longitudinal 
valley.  On  the  east  of  the  chain,  it  is  prolonged  a  little  towards  the 
south  as  far  as  38°  south  latitude,  where  it  forms  the  mountain  of  Cai- 
cayen  and  the  little  ridge  which  unites  it  to  the  Cerro  Florido.  The 
rocks  which  constitute  this  formation  are  calcareous  sandstones,  marls, 
and  chalk,  and  frequently  the  sandstones  occupy  the  lower  part,  the 
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marls  the  middle,  where  they  alternate  with  calcareous  beds  of  compact 
chalk ;  very  often  siliceous  which  form  the  upper  part.  This  series  of 
beds  rests  most  frequently  on  and  is  situated  conformably  to  the  Trias  ; 
but  sometimes  it  rests  directly  on  the  gneiss  as  at  the  mines  of  Chanar- 
cillo.  Fossils  are  very  abundant  in  this  formation,  and  several  species 
are  the  same  as  those  of  the  Jurassic  beds  of  Europe. 

The  thickness  of  these  formations  varies  between  1,200  to  1,600  feet, 
and  compact  chalk  occupy  the  two  upper  portions,  but  it  is  seldom  that 
the  full  thickness  is  observed ;  the  upper  part  being  most  frequently 
wanting,  and  at  other  times  it  exists  alone  as  in  the  valley  between 
Santiago  and  S.  Felipe. 

Tertiary  and  Upper  Cretareous. — The  region  situated  to  the  west  of 
the  Andes  contains  two  kinds  of  Tertiary  rocks  :  lacustrine  beds  and 
marine  formations.  These  latter  scarcely  show  themselves  excepting  on 
the  southern  part  and  the  west  of  the  maritime  chain  of  Chili,  where 
they  extend  but  little  from  the  sea. 

The  upper  part  is  formed  by  sandstones,  of  which  the  stratification 
is  very  marked,  and  which,  by  the  fossils  they  contain,  appear  to  belong 
to  the  upper  part  of  the  Cretaceous  formation  :  for  instance,  there  are 
taculites  anceps,  nautilus  valencienii,  car  ilium  acuticostatum,  trigonia, 
and  hanetania,  and  the  teeth  of  ondontaspis  are  also  found.  These  sand- 
stones are  overlaid  by  clays  with  vegetable  remains  and  beds  of  lignite, 
then  by  other  sandstones,  and  at  last  by  Boulder  Clay. 

These  rocks  appear  echeloned  along  the  coast  of  Chili,  forming  little 
basins  situated  near  the  mouths  of  the  greater  rivers,  and  appear  in 
several  of  the  islands,  and  in  the  Archipelago  of  Chiloe.  Finally,  they 
occur  to  the  south  of  the  Straits  of  Magellan.  The  lacustrine  rocks  are 
much  less  extended.  They  occupy  a  great  part  of  the  Bolivian  plateau, 
in  the  plain  which  extends  from  the  Lake  of  Titicaca  to  Popoo.  They 
reappear  in  the  Desert  of  Atacama,  where  they  occupy  the  upper  part  of 
the  valley  of  the  river  Loa,  and  the  plains  containing  the  deposits  of 
rock-salt  and  nitrate  of  soda.  It  is  this  formation  which  almost  fills  the 
great  longitudinal  valley  of  Chili,  from  Santiago  as  far  as  the  Gulf  of 
Reloncavi.  This  formation  is  composed  in  its  lower  part  of  argillaceous 
sandstones  very  much  like  those  which  contain  the  bacidites.  Then  come 
alternate  beds  of  sandstone  and  clay  and  shale.  Finally,  a  thick  deposit 
of  rocks  stretches  from  the  chain  of  the  Andes,  which  almost  covers  this 
formation  both  in  Chili  and  Bolivia. 

The  beds  of  lignite,  in  which  impressions  of  vegetable  remains  occur 
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and  the  fronds  of  the  palm,  may  be  found  near  Santiago  and  other  parts 
of  Chili.  In  the  valley  of  the  river  Loa,  this  formation  contains,  besides 
sandstones  and  shales,  beds  of  chalk  and  gypsnm.  Fossils  are  very  rare, 
but  the  remains  of  the  mastodon  andium  sufficiently  fix  the  age  of  this 
formation. 

Quar ternary. — These  beds  of  limited  extent  are  encountered  along 
many  points  off  the  coast  and  in  the  interior  valley.  They  contain 
numerous  recent  fossil  remains. 

Many  of  the  stratified  formations  of  Europe  appear  in  the  chain  of 
the  Andes,  but  they  are  grouped  in  a  different  manner,  and  several 
formations  are  there  united,  which  are  elsewhere  separated.  Consequently 
the  crystalline  schists  form  a  group,  which  at  the  same  time  represents 
the  Cretaceous,  Silurian  and  Devonian  formations.  The  Permian  and 
Triassic  formations  are  distinctly  separated,  then  comes  the  great 
Cretaceous  formation  which  includes  Jurassic,  and  a  part  of  the  Creta- 
ceous rocks  ;  and,  finally,  this  latter  is  mixed  up  with  the  Tertiary 
period. 

Plutonic  Rocks. — Igneous  rocks  form  the  nucleus  of  the  great  chain 
of  the  Andes,  in  which  active  volcanoes  are  numerous  ;  and  it  is  in 
connexion  with  the  Plutonic  rocks  that  silver  and  other  precious  metals 
principally  occur.  Mr.  Gascoyne's  paper  being  restricted  to  the  coal- 
fields of  Chili,  more  than  a  passing  reference  to  this  most  important 
feature  of  Chilian  geology  would  be  out  of  place  in  this  connexion. 


DISCUSSION  ON  MR.  W.  E.  GARFORTH'S  "SUGGESTED 
RULES  FOR  THE  RECOVERY  OF  COAL-MINES  AFTER 
EXPLOSIONS."  * 

The  President  (Mr.  G.  B.  Walker)  said  that  all  the  arrangements 
^vhich  Mr.  Garforth  proposed  were  most  excellent,  and  could  be  made 
with  little  expense,  though  perhaps  not  without  some  trouble.  One 
thing  he  should  like  to  put  to  members  of  the  Institute  was  Mr.  Gar- 
forth's  suggestion  that  there  should  be  centres  throughout  the  district  at 

*  Trans.  Fed.  Inst.,  vol.  xiv.,  page  495 ;  and  vol.  xv.,  pages  134  and  210. 
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which  life-saving  appliances  should  be  kept.  Tf  every  half-dozen  collieries 
forming  a  natural  group  could  agree  that  a  central  station  should  be 
established  at  which  the  different  appliances  for  life-saving  could  be  kept, 
and  where  someone  in  charge  could  be  an  instructor  in  the  use  of  them  ; 
where  their  deputies  and  officials  could  go  and  be  trained  and  taught  as 
to  the  procedure  to  follow  in  case  of  accident,  it  would  be  most  valuable 
instruction. 

Mr.  John  Nevix  (Mirfield)  remarked  that  Mr.  Garforth's  recom- 
mendations should  be  carried  out  to  the  best  of  their  ability.  When 
they  went  to  a  colliery-explosion  the  difficulty  was  not  to  get  volunteers, 
but  actually  to  restrain  people  from  going  uselessly  down  to  do  work 
which  probably  was  of  very  little  good,  and  might  possibly  entail  further 
loss  of  life. 

Mr.  J.  R.  R.  Wilson  (H.M.  inspector  of  mines)  approved  of  the  sug- 
gestion that  colliery-managers  should  talk  over  with  their  under-managers 
and  deputies  what  they  would  do  in  any  given  circumstances,  and  ask 
them  what  they  would  do  if  certain  difficulties  cropped  up.  He  had 
never  come  across  a  colliery-manager  wlio  had  told  him  that  he  had  met 
his  officials  in  this  way.  It  was  a  common  practice,  if  anything  happened 
underground,  to  lower  a  safety-lamp  into  the  shaft  before  anyone 
followed  it :  that  was  attended  with  great  danger,  as  pointed  out  by  Mi\ 
Garforth.  One  of  the  most  important  of  the  suggested  rules  is  No.  12, 
referring  to  the  preparation  of  tracings  from  the  working  plan.  When 
strangers  went  into  a  colliery  after  a  disaster,  they  were  naturally  not 
familiar  with  the  workings,  and  in  consequence  at  a  great  disadvantage- 
If  they  were  not  supplied  with  a  plan,  one  could  quite  see  that  when  they 
got  some  distance  from  the  pit-bottom  and  made  a  few  turns,  they  were 
apt  to  loose  themselves.  At  a  recent  explosion  in  this  district,  Mr.  R. 
Routledge  and  himself,  after  having  found  a  group  of  men,  endeavoured 
to  penetrate  towards  another  part  of  the  mine.  When  they  had  gone- 
some  distance  the  air,  which  was  very  slack,  divided  into  two  courses. 
Having  failed  to  provide  themselves  with  plans,  and  being  uncertain 
as  to  their  exact  position,  they  retired  to  fresh  air.  When  the  working" 
plan  was  examined  on  reaching  the  surface,  they  found  that  they  had 
been  within  450  feet  of  a  group  of  men,  whose  bodies  were  recovered 
from  another  district  2£  days  later. 

He  was  afraid  that  few  managers  took  steps  to  make  their  workmen 
familial  with  other  than  the  ordinary  travelling-road.  He  had  some- 
times suggested  that  a  fence  should  be  placed  across  the  main  road  before^ 
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the  men  came  out-bye,  and  someone  stationed  near  to  watch  the  result  ; 
and  he  imagined  at  many  places  that  there  would  be  consternation. 

He  strongly  approved  of  the  instruction  that  all  appointments  of  the 
leaders  of  each  exploration-party  should  be  in  writing.  He  had  seen 
the  difficulty  of  different  men  thinking  that  they  were  leading  an 
exploration-party. 

With  regard  to  the  instruction  that  "  Only  the  leader  of  each  search- 
party  should  test  ....  for  gas,"  it  was  not  uncommon  for  one  and  then 
another  of  a  party  to  put  up  a  safety-lamp,  with  the  result  that  several 
lights  were  extinguished  in  the  operation. 

Every  one  who  had  taken  part  in  exploration-work  could  not  but  be 
impressed  with  the  necessity  for  having  safety  appliances,  such  as  the 
pneumataphore  and  compressed-oxygen  cylinders,  immediately  available 
for  use.  Every  disaster  produced  distinct  evidence  that  such  apparatus 
would  have  saved  life  ;  and  it  is  hoped  that  colliery-owners  and  engineers 
will  seriously  consider  this  part  of  the  paper. 

The  members  of  the  Institution  were  under  a  debt  of  gratitude  to 
Mr.  Garforth  for  having  brought  the  subject  before  them  in  such  a  way 
that  it  must  command  the  attention  which  its  importance  deserved. 

Mr.  J.  L.  Routledge  ("Waterloo  Main  colliery)  said  that  Mr.  Gar- 
forth's  paper  brought  up  matter  which  probably  they  all  knew  before- 
hand, but  had  brought  it  up  in  such  a  way  in  the  several  rules  that  the 
rules  would  be  found  very  advantageous  should  such  a  calamity  occur. 
His  father,  a  colliery-manager,  insisted  on  having  in  the  office  a  state- 
ment of  what  should  be  done  under  certain  circumstances,  and  the 
precautions  came  into  operation  at  the  explosion  of  an  air-cylinder  at 
Ryhope  colliery,  which  had  all  the  effects  of  an  explosion  of  gas.  At 
Micklefield  colliery-explosion,  one  of  the  deputies,  anxious  to  save  life, 
went  with  two  men  into  the  south  district  to  explore.  After  they 
thought  that  all  the  men  had  got  out  alive  who  could  possibly  get  out, 
this  deputy  was  mentioned  as  still  in  the  mine,  and  he  ( Mr.  Routledge) 
and  six  men  went  to  seek  him,  and  4,000  or  4,500  feet  on  the  road  they 
met  the  two  men  carrying  the  helpless  deputy.  They  dropped  him  and 
ran  for  their  lives,  and  he  and  his  companions  carried  him  to  the  pit- 
bottom.  The  man  did  what  he  could,  but  if  he  had  been  instructed 
not  to  go  away  on  his  own  responsibility  such  a  thing  would  not  have 
happened.  In  saving  this  man  they  got  a  dose  of  after-damp,  and  the 
cylinders  of  oxygen  which  arrived  in  the  afternoon  were  very  useful — 
only  through  them  was  he  restored  again.     He  was  of  opinion  that  Mr. 
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Garforth's  regulations  should  be  kept  in  every  colliery- office,  so  that 
everybody  should  have  an  opportunity  of  reading  them. 

Mr.  E.  W.  TimiKKLL  (Oaks  collieries)  remarked  that  Mr.  Garforth's 
mles  should  he  printed  and  placed  in  the  hands  of  every  colliery-official. 
Workmen  ought  to  be  practiced  with  ambulance-apparatus  and  fire- 
appliances.  Every  colliery-manager  in  the  district  owed  a  debt  of  grati- 
tude to  Mr.  Garforth,  and  he  believed  that  they  were  grateful  to  him  for 
putting  the  rules  into  such  a  form  that  they  could  pass  them  round  to 
those  who  worked  with  them. 

Mr.  II.  B.  Nash  (Barnsley)  approved  of  the  President's  suggestion  as 
to  the  formation  of  a  committee  with  instructions  to  bring  these  rules 
before  the  notice  of  owners  of  collieries  and  ascertain  whether  they 
would  not  find  it  in  their  interest  to  subscribe  to  a  fund  for  establishing 
places  where  safety-appliances  could  be  kept  and  men  drilled.  It  would 
be  an  advantage  if  colliery-owners  had  permission  to  extract  certain 
leading  rules,  and  have  them  printed  in  sheet-form  and  post  them  along- 
side of  the  General  Rules  and  Special  Rules  under  the  Coal  Mines 
Regulation  Act,  so  that  not  only  deputies,  but  the  workmen  themselves, 
could  read  them  over.  Mr.  Garforth's  rules  were  the  most  valuable 
contribution  that  the  members  had  had  on  this  subject  up  to  the  present 
time,  and  they  owed  him  a  deep  debt  of  gratitude.  He  proposed  "  that 
the  Council  should  draw  up  a  circular  and  send  it  to  the  colliery-owners 
of  South  and  West  Yorkshire  pointing  out  that  it  would  be  advan- 
tageous to  have  apparatus  of  this  kind  ready,  and  asking  them  to 
co-operate  with  the  Institute  in  the  matter." 

Mr.  St.  John  Durnford  seconded  the  resolution,  which  was  carried 
unanimously. 

Mr.  Garforth  (West  Riding  collieries)  thanked  the  members  for 
their  kind  expressions.  It  was  to  the  interest  of  owners  and  managers 
in  the  face  of  recent  legislation  to  prepare  rules,  so  that  they  could 
recover  mines  more  systematically,  with  less  risk  to  those  employed,  and 
if  they  could  help  fellow-sufferers  (in  the  way  which  he  had  tried  to 
vshow,  no  matter  how  imperfectly),  there  was  no  trouble  too  great  to 
be  taken.  He  hoped  that  in  2  or  3  years'  time  the  members  would 
have  so  supplemented  the  hypothetical  cases  which  he  had  given,  that 
when  the  effects  of  an  explosion  had  been  seen,  such  as  :  downcast  pit 
temporarily  disorganized,  upcast  pit  damaged,  together  with  other 
evidences,  they  would  quickly  obtain  suggestions  for  exploration  and 
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recovery.  Be  proposed  thai  they  should  see  some  things  which  he  had 
prepared  in  the  way  of*  ambulance  stores  and  for  descending  ihe  pit. 
At  present,  a  man  was  sent  down  the  pit  on  a  small  piece  of  wood, 
lie  suggested  something  in  the  form  of  a  saddle,  with  a  leathern 
hreeches,  which  would  hold  the  man  in  position  even  if  he  should 
become  senseless,  and  combined  witb  this  was  an  arrangement  for 
carrying  bandages,  splints,  hammer,  screw-key,  etc. 


DISCUSSION  ON  MR.  JOHN  CRIGHTON'S  PAPER  ON  "COM- 
PARATIVE EXPERIMENTS  ON  MODELS  OF  A  CAPELL, 
A  SCHIELE,  AND  A  CRIGHTON  EXCELSIOR  FAN  Utf  DER 
THE  SAME  CONDITIONS."* 

The  Rev.  G.  M.  Capell  (Passenham)  wrote  that  Mr.  Crighton 
called  in  question  the  accuracy  of  Mr.  Maurice  Deacon's  observation  on 
the  Capell  and  Schiele  fan  working  on  the  same  shaft  and  driven  by  the 
same  engine  at  Shirland  colliery,  and  he  would  like  Mr.  Deacon  to 
answer  for  himself  on  tbat  point.  Fortunately,  the  Schiele  fan  was  still 
at  Shirland  colliery,  and  he  would  like  to  repeat  the  trials. 

The  trials  of  an  imperfect  model  of  the  old  Capell  fan,  havirg  its 
openings  from  inner  to  outer  fans'  wings,  half  of  the  actual  area  of  the 
Shirland  fan,  and  altered  to  a  double  inlet,  by  one  who  did  not  know  the 
points  and  peculiarities  of  the  fan,  showed  some  points  of  interest  which 
he  would  be  pleased  to  discuss.  He  proposed  to  prepare  a  paper  dealing 
with  the  matter,  and  containing  results  of  Capell  fans  working  on  the 
same  mine-shaft  as  fans  of  various  types.  He  attached  no  importance 
to  trials  of  models  under  conditions  which  did  not  resemble  mine  con- 
ditions. These  were  exceedingly  difficult  to  imitate,  as  his  experience  in 
that  direction  had  shown  very  clearly.  The  question  of  gauge- efficiency 
in  various  fans  required  to  be  carefully  tested  under  the  same  conditions. 

Mr.  John  Crighton  thought  that  in  all  experiments  made  upon 
different  fans  and  pits  there  should  be  a  guarantee  that  each  fan  was  put 
on  the  same  pit  to  do  the  same  duty ;  and  if  this  was  not  done  he  ( Mr. 
Crighton)  would  not  reply  to  the  paper.  The  fairest  test  of  fans  and 
their  capacity  was  for  one  to  be  made  to  a  certain  size,  and  then  another 
*  Trails.  Fed.  hint.,  vol.  xiv. ,  page  40G. 


164  DISCUSSION — EXPERIMENTS  ON  MODELS  OF  FANS. 

•of  a  different  make  to  be  fitted  into  the  same  case.  Experiments  could 
be  made  with  a  fan  and  show  70  or  80  per  cent,  of  efficiency,  but 
he  knew  that  there  was  scheming  to  do  this.  He  suggested  that  trials 
should  be  made  of  various  types  of  fans,  in  which  the  fans  tested 
should  be  of  the  same  diameter  and  run  at  the  same  periphery-speed  on 
the  same  mine.  With  the  diameter  of  the  fan,  its  area  and  capacity  for 
work  was  increased,  and  the  larger  fan  had  the  greater  chance  of  proving 
most  efficient.  Having  fans  of  equal  size,  let  them  measure  the  volume 
of  air  produced  and  read  the  water-gauge  at  the  same  position  when 
running  at  the  same  periphery-speed. 

The  Rev.  G.  M.  Oapell  wrote  that  Mr.  (Brighton's  suggestion,  that 
the  only  fair  trial  of  fans  is  to  fit  them  into  the  same  cases,  is  simply 
impracticable  from  a  scientific  point  of  view.  For  instance,  how  can  a 
fan  like  a  Schiele,  with  enormous  expanding  casing,  be  fitted  into  the 
close-fitting  case  of  a  Guibal  fan  ?  How  can  the  Excelsior  fan  be  fitted 
into  the  narrow  casing  of  a  Ser  fan,  having  sixty  wings  ?  Or  how  can  a 
six-winged  Oapell  fan  be  fitted  into  the  casing  of  a  twelve-winged  fan 
with  any  fairness  for  accurate  tests  ?  Moreover,  the  casings  of  most 
fans  are  made  with  disregard  to  the  work  to  be  done.  The  casings  of 
Oapell  fans  and  outlets  are  varied  to  suit  their  work.  Oapell  fans  of  the 
same  diameter  are  made  of  different  widths  to  suit  different  volumes,  and 
the  same  fan-diameter  covers  150,000  and  400,000  cubic  feet  per  minute. 
He  (Mr.  Oapell)  is  not  aware  of  any  fair  methods  of  testing,  such  as  are 
nsed  in  the  official  reception  of  mine  fans  on  the  Continent,  and  results 
entered  on  the  official  records  of  the  mines,  which  give  any  possibility  of 
the  scheming  referred  to  by  Mr.  Crighton.  If  the  testing  of  fans  could 
be  lifted  from  the  domain  of  commerce  into  that  of  pure  science  it  would 
be  an  enormous  advantage  to  mining  engineers.  He  (Mr.  Oapell)  fully 
agreed  that  the  only  true  test  of  fans  is  to  place  them  on  the  same  mine- 
shaft,  fitted  with  identical  engines,  and  use  every  care  to  prevent  any 
changes  below  ground  during  the  trials.  If  his  views  on  fan-testing  were 
carried  out,  no  doubts  as  to  fan-tests  would  remain. 

Mr.  John  Crighton  wrote  that  he  had  never  called  into  question  the 
accuracy  of  Mr.  M.  Deacon's  experiments  on  the  Oapell  and  Schiele  fans 
working  on  the  same  upcast  shaft  at  Shirland  colliery.  He  simply  made 
the  assertion,  and  he  still  adhered  to  it,  that  the  experiments  should  never 
have  been  classified  as  being  "  Experiments  on  a  Oapell  and  a  Schiele 
Fan  working  under  Similar  Conditions,"  as  the  fans  were  totally  different 
in  the  most  essential  parts,  viz.,  capacity  and  size,  the  Schiele  fan  having 
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been  made  for  exhausting  a  small  quantity,  and  the  Capell  fan  for  a 
Large  quantity  of  air.  Experiments  like  these  had  repeatedly  come  he- 
fore  him  since  1871,  but  he  had  never  thought  it  worth  while  to  tabulate 
them,  as  not  one  of  them  had  been  made  under  similar  conditions.  He 
attached  great  importance  to  the  experiments  made  on  the  model  fans — 
all  having  one  capacity,  all  put  onto  the  same  drift,  the  water-gauge 
taken  at  one  place,  all  air-measurements  made  at  one  place,  and  the 
conditions  being  exactly  the  same  up  to  and  into  the  inlets  of  each  fan. 
The  Shirland  fan  is  a  Capell  fan  as  applied  to  mines,  and  the  model 
was  an  exact  reproduction  of  it,  and  he  could  not  allow  Mr.  Capell  to 
introduce  his  improved  Capell  fan  at  this  stage  of  the  discussion. 

Mr.  Capell  wrote  that  the  drawing  from  which  Mr.  Crighton  made 
his  model  was  not  an  accurate  one,  being  inserted  in  the  Transactions 
merely  to  show  the  position  of  the  Capell  fan  in  relation  to  the  Schiele 
fan  at  Shirland  colliery,  and  not  as  a  guide  to  construct  models.  He  is 
not  aware  that  the  new-type  Capell  fan  has  been  introduced  into  the 
discussion,  although  for  the  past  3 J  years  no  old-type  Capell  fans  have 
been  made  in  this  country. 

Mr.  G-arforth  approved  of  the  suggestion,  and  hoped  that  this  trial 
would  be  made,  so  that  members  might  gain  increased  knowledge  of  the 
practical  efficiency  of  fans,  and  be  able  to  save  something  in  foundation- 
works. 

The  discussion  was  adjourned. 


DISCUSSION"    OX    MR.    E.    W.    THIRKELL'S    PAPER    ON 
"ADEQUATE  VENTILATION  AND  NOXIOUS  GASES."* 

Mr.  Thirkell  said  that,  in  the  General  Rules,  it  was  laid  down  that 
an  adequate  amount  of  ventilation  should  be  in  the  mine,  and  be  con- 
stantly produced,  and  so  on  ;  and  referred  to  dangerous  places  by  reason 
of  inflammable  gases  and  several  things  of  that  description.  Mr.  J.  L. 
Hedley,  H.M.  inspector  of  mines,  made  a  remark  at  an  enquiry  in  con- 
nexion with  a  colliery-explosion,  that  there  should  be  some  governing 
regulation  fixing  the  percentage  of  gas  beyond  which  a  miner  should  not 
be  allowed  to  work  ;  and  he  was  of  the  same  opinion.  It  was  left  to 
mining  engineers  to  determine  what  they  considered  a  safe  amount  of 

*  Trans.  Fed.  Inst.,  vol.  xiii.,  page  389  ;  and  vol.  xiv.,  page  599. 
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gas  in  which  the  men  might  work.  Some  mining  engineers  said  that 
if  there  was  a  cap  on  the  flame  the  men  should  not  work,  but  with  lamps 
burning  heavy  colza-oil  there  would  not  be  a  cap  in  places  where  there 
would  be  nearly  \  inch  of  cap  with  gas-oil  or  colzaline.  He  found, 
with  a  Stokes  lamp  with  a  colza-flame,  ^  inch  of  cap,  where,  they  had 
1  inch  with  the  lamp  used  at  his  colliery.  With  a  hydrogen  mime 
there  was  a  cap  of  1*08  inches ;  with  alcohol,  f  inch ;  and  with  benzoline 
or  gas-oil,  about  £  inch.  He  had  stated  in  his  paper  what  he  thought 
was  the  proper  proportion  of  air  per  person,  per  lamp,  per  shot  of 
explosive,  and  per  horse. 

Air  should  not  only  be  measured  in  the  main  air-ways,  but  all  the 
sub-divisions  should  be  measured.  The  number  of  men  and  horses,  and 
the  amount  of  shot-firing  in  every  division  or  split  should  be  taken, 
and  they  should  then  calculate  and  ascertain  what  amount  of  air  was 
circulating  per  man,  per  horse,  and  per  lamp.  It  was  not  sufficient  to 
say  that  there  were  so  many  men  down,  and  so  much  air  per  man  as  a 
whole  ;  if  they  measured  the  quantities  of  air  in  the  main  air-ways,  and 
measured  it  at  the  working-faces,  they  would  be  surprised  at  the  amount 
of  leakage,  which  was  very  great.  In  one  case,  the  leakage  of  air  was 
about  50  per  cent.  ;  and  in  a  case  of  which  he  had  read,  it  was  80  per 
cent.,  a  greater  loss  than  many  mining  engineers  would  care  to  admit. 

The  further  discussion  was  adjourned. 
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MIDLAND  [NSTITUTB  OF  MINING,  CIVIL  AND 
MECHANICAL  ENGINEERS. 


ANNUAL  GENERAL  MEETING, 
Held  at  the  Harvey  Institute,  Barnsley,  August  3rd,  1898. 


Mr.  G.  BLAKK  WALKER,  Retiring  President,  in  the  Chair. 


The    minutes   of    the   previous   General    Meeting   were    read    and 
confirmed. 


The    following    gentlemen   were    elected,    having    been    previously 
nominated: — 

Member — 

Mr.    John   Wilson,   Mechanical  Engineer,   35,   Acton  Street,   Laisterdyke, 
Bradford. 

Associate  Member — 

Mr.  Harry  Kent,  Coal-owner,  4,  St.  Dunstan's  Alley,  St.  Dunstan's  Hill, 
London,  E.C. 


The  Annual  Report  of  the  Council  and  the  statement  of  accounts 
for  the  past  year  were  read  as  follows  : — 

THE  COUNCIL'S  ANNUAL  REPORT. 

The  Council  have  pleasure  in  presenting  to  the  members  of  the  Insti- 
tute their  report  on  the  work  of  the  past  year. 

The  number  of  members  for  the  past  two  years  is  as  follows  : — 


1896-97. 

1897-98. 

Life  Members 

4 

4 

Honorary  Members. . . 

11 

11 

Members 

221 

228 

Associate  Members 

9 

9 

Associates     ... 

19 

17 

Students 

16 

12 

280 

281 

12 
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If  all  the  members  had  duly  paid  their  subscriptions,  there  would 
have  been  an  increase  in  all  classes  during  the  year  of  24. 

Of  the  £22  10s.  of  arrears  of  subscriptions  for  189G-97,  £13  10s. 
have  been  collected  during  the  past  year  ;  arrears  amounting  to  £9  10s., 
extending  over  a  longer  period,  have  also  been  recovered,  bringing  the 
total  amount  of  arrears  collected  up  to  £23.  There  is,  however,  a 
balance  of  £9,  which  has  now  been  written  off  as  irrecoverable. 

The  Council  regret  to  state  that  there  has  been  during  the  past  year 
considerable  irregularity  in  the  payment  of  subscriptions,  the  arrears 
amounting  to  £3G  from  24  members,  as  against  £22  10s.  in  the  previous 
year,  notwithstanding  that  repeated  applications  have  been  made  by  the 
treasurer  for  payment.  This  deliciency  does  not  yet  appear  in  the 
balance-sheet,  as  the  Council  hope  that  this  matter  having  been 
prominently  brought  before  the  attention  of  the  members,  the  arrears 
will  be  at  once  liquidated,  so  as  to  make  it  unnecessary  to  cancel  the 
membership  of  those  in  arrear.  The  Council  would  draw  attention  to 
the  fact  that  the  increased  calls  made  by  The  Institution  of  Mining 
Engineers  for  publication  and  other  expenses  leave  the  Institute 
scarcely  any  margin,  and  that  unless  subscriptions  are  regularly  paid, 
they  have  no  alternative  but  to  cancel  the  membership  of  those  members 
who  are  in  arrear  or  to  increase  the  subscriptions  all  round. 

It  would  save  much  trouble  both  to  the  treasurer  and  the  members 
themselves  if  more  members  would  avail  themselves  of  the  system  of 
giving  orders  to  their  bankers  for  the  regular  payment  of  their  subscrip- 
tions, as  no  doubt  many  of  these  arrears  arise  from  oversight.  Forms 
for  this  purpose  will  be  sent  to  all  members  by  the  secretary,  and  those 
members  who  have  not  already  given  them  will,  it  is  hoped,  now  do  so. 

The  Council  regret  that  no  arrangements  have  as  yet  been  made  to 
allow  of  the  participation  of  practical  mining  engineers  in  the  testing  of 
explosives  permitted  to  be  used  in  fiery  mines,  and  they  desire  to  endorse 
once  more  the  conclusions  arrived  at  in  the  special  report  of  their 
Committee  on  this  matter." 

Much  useful  work  has  been  done  by  the  Institute  during  the  year, 
although  the  number  of  papers  read  is  fewer  than  the  Council  had  hoped 
for. 

Two  very  successful  meetings  have  been  held  in  conjunction  with  the 
Chesterfield  and  Midland  Counties  Institution  of  Engineers,  and  it  is 
believed  that  the  Councils  of  both  Institutes  recognize  the  very  great 

*    Trans.  Inst.  M.E.,  vol.  xiv.,  page41.">. 
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advantage  which  results  from  these  opportunities  afforded  bo  the  mining 
engineers  <>f  the  two  contiguous  districts  to  meet  and  discuss  matters  of 
professional  interest,  meetings  which  also  assist,  in  promoting  Identity 
of  aim  a  ml  action  between  the  two  Institutes. 

The  number  of  papers  which  have  been  published  by  The  Institution 
of  Mining  Engineers,  and  of  which  members  of  this  Institute  have  had 
the  benefit,  have  been  fully  as  numerous  and  important  as  in  previous 
years. 

The  title  of  The  Federated  Institution  of  Mining  Engineers  has  now 
l>een  changed  into  that  of  "  The  Institution  of  Mining  Engineers,"  and 
the  Institution  may  be  henceforth  considered  to  rank  with  those  repre- 
sentative of  other  branches  of  the  engineering  profession. 


Mr.  H.  B.  Nash,  in  presenting  the  accounts,  said  that  the  only 
difficulty  they  had  as  an  Institute  was  that  as  The  Institution  of  Mining- 
Engineers  grew,  the  number  of  papers  increased  and  became  more  ex- 
pensive, and  the  call  due  from  this  Institute  became  more  onerous. 
It  appeared  that  the  cost  of  working  their  Institute  and  their  proportion 
of  the  calls  paid  to  The  Institution  of  Mining  Engineers  came  to  29s 
3d.  per  member,  so  that  they  could  not  expect  to  increase  the  balance 
in  hand  with  9d.  per  member. 

The  Chairman  moved  the  adoption  of  the  report  and  statement  of 
accounts. 

Mr.  John  Nevin  seconded  the  motion,  wiiich  was  carried. 


REPRESENTATIVES    ON    THE    COUNCIL    OF    THE 
INSTITUTION  OF  MINING  ENGINEERS,  1898-99. 

The  scrutineers  reported  the  result  of  the  election  as  follows  : — 

Mr.  Jno.  Nevin. 
Mr.  E.  W.  Thirkell. 
Mr.  G.  Blake  Walker. 


M  i .  W.  H.  Chambers. 

Mr.  H.  St.  John  Durnford. 

Mr.  W.  E.  Garforth. 

Mr.   J.   LONGBOTHAM. 

Mr.  H.  B.  Nash. 


Mr.  F.  N.  Waroell. 
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The  Treasurer  (Mr.  T.  W.  H.  Mitchell)  in  Account 

Mechanical 


July  1st,  1897. 
To  Balance  at  Bankers 
,,  Cash  in  Treasurer's  hands  ... 

June  30th,  1898. 

To  Subscriptions  for  1897-98 

,,             ,,              paid  in  advance  for  1898-99 
,,  Arrears  


B    s.    d.      £     s.    d. 
40  15     8 
4     4    0 

44  19     8 

385  10     0 

4  10     0 

23     0     0 

413     0    0 


„  Sale  of  Dinner  Tickets       10  14     6 

„  Members'  portion  of  the  Wine  Account  at  the  Annual 

Dinner 1  15     0 

12     9     6 

„   Sales  of  Transactions  and  Authors'  Copies  of  Papers  ...  4     2     0 

,,  Letting  of  Koom      ...         ...         ...         ...         ...         ...  17     6 

,,  The  Institution  of  Mining  Engineers — Instruments  for 

Fan  Experiments,  one-third  portion  ...         ...  34     6     8 

,,  Bank  Interest  4  11     4 


Examined  and  found  correct, 

H.  B.  NASH, 
C.  E.  LONGBOTHAM, 
July  2oth,  1898.  Auditors. 


£514  16     8 
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with  thf.  Midland  Institute  op  Mining,  Civil  and  Cr. 

ejngineebs,  1897-98. 


Juno  .30th.  1898.  £    s.     d. 

By  Th»v  Institution  of  Mining  Engineers: — 

Call    of    19s.    per    Member   on    260    Members    for 

1897-98  

Balance  of  Call  for  1896-97      

Excerpt  Transactions,  etc. 

Proportion   of     cost   of     Exchanging    Transactions 
with  other  Societies  ... 

Annual  Dinner    ... 
Printing  and  Stationery 

Office  Rent  ...         ...         ...         

Reporter    ... 

Insurance  ...         ...         ...         ..  

Cleaning    ... 

Gas  Company       

Hire  of  Rooms  for  Meetings  at  Manchester,  Sheffield,  and  Leeds 

Secretary's  Salary  £50     0     0 

„  Expenses        16     0     0 


North  of  England  Institute  of  Mining  and  Mechanical  Engineers 

(Mr.  Pringle's  Subscription)  ...         

Stamps,  Telegrams,  Carriage,  Wrappers,  and  Sundries 

Balance  at  Bankers         £86  17     0 

Cash  in  Treasurer's  hands         5     19 


£     s.  (1. 


252  14  0 

7  13  0 

17  6  4 

2  0  0 

279  13 

15  7 

4 

0 

•• •    ... 

15  13 

in 

12  0 

0 

8  15 

0 

... 

1  11 

6 

... 

0  6 

0 

... 

0  5 

2 

d  Leeds... 

5  2 

0 

66     0     0 


3  10 
14  14 


91  18     9 


£514  16     8 
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ALTERATION  OF  RULES. 

The  Chairman  said  that  the  first  alteration,  which  stood  in  his 
name,  related  to  Rule  6,  but  with  the  permission  of  the  meeting  he  should 
not  move  that  first  alteration  of  rule.  With  regard  to  Rule  11,  he 
moved  that  in  lines  3  and  4,  the  following  words  be  omitted  :  "  shall  be 
held  in  the  rooms  of  the  Institute  at  Barnsley."  He  moved  this  in 
order  to  give  the  Council  freedom  to  arrange  for  the  meeting  to  be  held 
in  some  other  town  in  the  district  covered  by  the  Institute,  if  they 
decided  that  it  would  be  more  likely  to  be  generally  convenient  to 
members  and  secure  better  meetings.  Although  the  alteration  did 
not  pledge  the  Council  to  call  the  meeting  in  any  other  town,  he 
thought  that  the  restriction  which  prevented  them  from  doing  so,  if 
they  saw  good  reason,  was  unnecessary. 

Mr.  H.  B.  Nash  suggested  that  it  would  be  desirable  to  leave  the 
time  and  place  of  meeting  to  the  Council. 

The  Chairman,  after  further  discussion,  moved  that  the  rule  read  as 
follows  :  — "  A  General  Meeting  of  the  Institute  shall  be  held  in  every 
month,  except  the  months  of  January  and  June,  and  the  Annual 
Meeting  shall  be  held  at  such  time  and  place  as  the  Council  may  decide." 

Thus  amended,  the  alteration  of  rule  was  carried  unanimously. 


ELECTION  OF  OFFICERS  FOR  1898-99. 

The  scrutineers  reported  the  result  of  the  election  as  follows  : — 

President  : 
Mr.  William  Henry  Chambers. 

Vice-Presidents  : 
Mr.  E.  W.  Thirkell.      I     Mr.  F.  N.  Wardell.     I  Mr.  J.  R.  Robinson  Wilson. 


Council 


Mr.  H.  S.  Childe. 

Mr.  H.  St.  John  Durnford. 

Mr.  C.  C.  Ellison. 

Mr.  H.  C.  Embleton. 


Mr.  Matthew  Hall. 
Mr.  J.  L.  Marshall. 
Mr.  J.  Mellors. 
Mr.  H.  B.  Nash. 
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The  Chairman  (Mr.  G.  Blake  Walker)  said  that  his  last  duty  w«  s  to 
thank  the  Council  and  members  of  the  Institute  for  the  courtesy  which 
they  had  extended  to  him  during  the  two  years  that  he  had  held  the 
office  of  President,  and  to  vacate  the  chair  in  favour  of  Mr.  Chambers, 
whom  they  had  been  so  fortunate  as  to  secure  for  their  President  for 
the  next  term  of  office.  He  congratulated  the  Institute  very  heartily 
on  having  Mr.  Chambers  for  President.  He  was  sure  that  under  Mr. 
Chambers1  energetic  guidance  the  Institute  would  have  a  prosperous 
period  before  it. 

Mr.  John  Nevin  said  that  they  must  thank  the  retiring  President 
for  the  excellent  manner  in  which  he  had  performed  the  duties  of  his 
office  during  the  past  two  years.  The  Institute  had  made  steady 
progress  under  Mr.  Walker's  presidency,  and  at  all  times  he  had  done 
whatever  he  could  for  the  benefit  of  the  Institute.  Tie  asked  the 
members  to  pass  a  hearty  vote  of  thanks  to  their  retiring  President. 

The  motion  was  carried  by  acclamation. 

The  Chairman  said  that  he  was  very  much  obliged  to  the  members 
for  their  cordial  vote  of  thanks.  They  had  all  tried  to  do  the  best  they 
could  for  the  Institute,  he  thought  that  it  had  made  satisfactory 
progress  during  the  past  two  years,  and  trusted  that  it  would  go  on 
doing  so. 

The  President  (Mr.  W.  II.  Chambers)  then  took  the  chair,  saying 
that  he  was  deeply  sensible  of  the  great  honour  which  the  members  had 
done  him  by  electing  him  President  of  this  important  Institute  for  the 
coming  term.  He  hoped,  with  the  assistance  of  the  Council  working 
with  himself,  that  they  would  do  everything  they  could  to  increase  the 
prosperity  of  the  Institute  and  to  extend  its  usefulness. 


The  annual  dinner  wTas  held  in  the  evening  at  the  Queen's  Hotel. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL  AND 
MECHANICAL  ENGINEERS. 


GENERAL    MEETING, 


Held  at  the  Royal  Victoria  Station  Hotel,  Sheffield,  October  29th,  1898. 


Mr.  W.  H.  CHAMBERS,  President,  in  the  Chair. 


The  Prksidbnt,  referring  to  the  sad  loss  that  the' members  had  sus- 
tained by  the  death  of  Mr.  A.  M.  Chambers,  a  Past-President  of  the 
Institute,  said  that  Mr.  A.  M.  Chambers'  abilities  were  recognized  in 
many  spheres,  but  in  none  so  much  as  in  the  coal  trade,  as  owner  and 
engineer.  He  was  called  upon  to  preside  over  and  direct  meetings  which 
were  held  from  time  to  time  for  dealing  with  mining  legislation,  the 
working  of  collieries,  and  the  settlement  of  wages,  which  were  of  the 
utmost  importance  to  their  great  industry.     He  moved  that — 

The  death  of  Mr.  A.  M.  Chambers,  a  Past-President,  and  one  of  the  most 
eminent  members  of  this  Institute,  having  come  to  the  knowledge  of  the  Council 
and  members,  they,  at  their  meeting  to-day,  desire  to  express  to  Mrs.  Chambers 
and  family  their  deepest  sympathy  in  the  sad  and  irreparable  loss  which  they 
have  sustained,  and  to  express  their  sense  of  the  value  of  his  services  to  this 
Institute. 

Mr.  H.  St.  John  Durnford  (Acton  Hall  colliery),  in  seconding  the 
motion,  said  that  he  had  known  Mr.  Chambers  personally  for  nearly  20 
years,  and  had  found  him  a  most  able,  kindly  and  honourable  gentleman. 

The  resolution  was  carried  in  silence,  the  members  rising  in  their 
places. 

The  minutes  of  the  previous  General  Meeting  were  read  and  con- 
firmed. 


13 
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The    following   gentlemen    were    elected,    having    been   previously 
nominated  : — 

Members — 

Mr.  J.  T.  MiNNis,  Colliery  Manager,  Oughtibridge,  Sheffield. 

Mr.  Arthur  Thomas  Rose,  Mechanical  Engineer,  Bugdanhtee  Colliery,  Dan- 
boom  District,  East  India  Railway,  Bengal,  India. 

Mr.  Hugo  Rossner,  Colliery  Manager,  Hohenegger  Schacht,  Karwin,  Silesia, 
Austria. 


The   President   (Mr.  W.   H.   Chambers)  delivered  his  inaugural 
address  as  follows : — 
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PRESIDENTIAL   ADDRESS. 


By  W.  H.  CHAMBERS. 


In  the  first  place,  I  thank  you  for  bestowing  upon  me  what  I  esteem 
to  be  the  highest  honour  that  can  be  conferred  by  mining  engineers  on 
a  member  of  their  profession  in  electing  me  to  act  as  President  of  this 
Institute  for  the  next  year.  Tn  accepting  the  position  which  I  am  so 
proud  to  occupy,  I  feel  the  deep  responsibility  attached  to  it,  but  relying 
upon  the  assistance  of  the  Council,  Members  and  Secretary,  I  have  good 
hope  that  the  period  of  my  office  will  be  marked  by  a  continuance  of 
that  active  interest  and  augmented  usefulness  which  has  been  so  well 
furthered  by  the  skill  and  diplomacy  of  my  distinguished  predecessors. 

Many  Presidents,  in  the  past,  have  expressed  difficulty  in  stating  in  a 
Presidential  address  anything  new  or  interesting  and  yet  suitable,  for  no 
less  than  six  addresses  appear  in  the  Transactions  of  The  Institution  of 
Mining  Engineers  every  year,  and  consequently  every  possible  subject 
connected  with  mining,  well  up-to-date,  is  commented  upon.  Whilst 
I  am  sincerely  desirous  of  avoiding  any  subject  tending  to  the  criticism 
of  political  measures  or  legislation,  the  passing  of  the  Workmen's 
Compensation  Act,  which  came  into  operation  this  year,  dealing  with 
one  of  the  great  objects  of  the  Institute,  viz.  : — the  safety  of  the  work- 
men employed  in  mines,  justifies,  I  think,  a  consideration  of  the  effect 
which  it  is  possible  to  exercise  in  inducing  the  application  of  still  more 
care  and  ingenuity,  not  only  in  the  cause  of  humanity,  but  also  in  order 
to  avoid  heavy  pecuniary  loss.  Many  collieries  at  the  present  time  are 
strained  to  their  utmost  resources  to  earn  a  moderate  profit,  whilst 
others  only  require  the  proverbial  straw  to  complete  their  ruin.  The 
effect  of  the  Government  measure  cannot  be  at  present  estimated,  but  it 
is  obvious  that  every  possible  effort  must  be  made  to  minimize  the 
liability  of  claims  for  compensation. 

Hitherto  Parliament,  in  the  Mines  Regulation  Acts,  rather  followed 
the  practice  of  the  best  collieries,  sparing  no  expense  in  the  employment 
of  highly  educated  and  experienced  men  in  the  management  and  the  use 
of  the  best  appliances  of  all  descriptions  tending  to  the  safety  of  the 
mines  and  those  engaged  therein.  The  comparative  safety  thereby 
attained  has  without  doubt  been  largely  attributable  to  the  efficient 
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system  of  inspection  introduced  on  the  passing  of  the  first  Mines 
Act  in  1848  and  subsequent  statutes,  and  the  facility  afforded  by  the 
papers  and  discussions  of  the  various  Mining  Institutes  for  managers 
to  adopt  the  best  approved  or  suggested  means  to  decrease  the  liability 
to  accidents.  This  object  has  been  also  furthered  by  mine- owners  who, 
owing  to  the  increasing  depth  of  the  seams  and  the  consequent  concen- 
tration of  a  large  amount  of  capital  in  single  undertakings,  have  become 
extremely  anxious  to  take  every  precaution  to  avoid  accidents  which, 
if  of  large  magnitude,  would  entail  almost  absolute  ruin  upon  many 
of  them  :  also  if  minor  accidents  are  extraordinarily  numerous,  there  is 
difficulty  in  obtaining  workmen  under  the  risky  conditions,  entailing  the 
payment  of  enhanced  wages,  all  being  adverse  to  economy  and  profitable 
working.  The  Mines  Regulation  Acts  were  obviously  indispensable  to 
prevent  impecunious  or  speculative  individuals,  who  have  all  to  gain 
and  little  to  lose,  running  inordinate  risks  for  the  sake  of  a  larger  and 
quicker  profit. 

In  order  to  note  the  effect  of  the  various  means  adopted  to  enhance 
the  safety  of  miners,  we  may  refer  to  the  Government  returns,  and  find 
in  1851,  being  the  first  year  after  the  first  Mines  Act  was  passed  (except 
the  1848  Act,  which  principally  dealt  with  the  employment  of  women 
and  girls)  that  the  number  of  persons  employed  in  coal-mines  above  and 
below  ground  was  216,217,  and  the  deaths  by  accident  984,  equal  to  a 
death-rate  of  4*551  per  1 ,000  persons  employed.  The  proportions  of  deaths 
by  explosion  of  fire-damp,  falls  of  roof  and  sides,  and  miscellaneous  accidents 
were  about  equal,  being  321,  327,  and  326  respectively.  In  1873  and 
since,  the  returns  include  ironstone,  oil-shale  and  fire-clay  mines,  with 
coal-mines.  In  1897,  the  number  of  persons  employed  about  coal-mines 
was  547,203,  or  93^  per  cent,  of  the  total  mining  population,  and  of  these 
it  appears  about  80  per  cent,  work  underground.  An  official  report  just 
made  by  Prof.  Le  Neve  Foster  shows  that  in  1897  there  were  897  separate 
fatal  accidents  in  mines,  which  caused  the  loss  of  979  lives,  no  separate 
accident  causing  more  than  10  deaths.  The  death-rate  for  the  last  7 
years  per  1,000  persons  employed  is  as  follows: — For  1891,  1*493  ;  1892, 
1-480;  1893,  1*565;  1894,  1*587;  1895,  1*494;  1896,  1*467;  and  in 
1897,  1*343,  being  the  lowest  on  record,  one-half  of  the  deaths  being  due 
to  falls  of  roof  and  sides.  Explosions  of  fire-damp  and  coal-dust  caused 
1*9  per  cent,  of  the  deaths.  Accidents  on  the  surface  contributed  about 
10  per  cent,  of  the  total.  It  appears  that  "not  a  single  fatal  ignition 
of  gas  or  coal-dust  can  with  certainty  be  ascribed  to  the  flame  of  an 
explosive  in  shot-firing."  In  at  least  two  cases,  the  explosion  has  been 
traced  to  the  exposition  of  a  naked  light. 
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Quoting  still  from  Prof.  Le  Neve  Foster's  return,  from  1873  to  1877, 
the  death-rate  per  1,000,000  tons  of  mineral  raised  was  7*555  ;  from 
1878  to  1882  it  fell  to  7*295  ;  from  1888  to  1887  it  was  5*856  ;  from 
L888  to  1892  it  was  .V471  ;  and  from  ISO;)  to  1897  it  was  5*184. 
These  statistics  show  how  greatly  the  lot  of  the  miner  has  been 
ameliorated.  The  Minis  Regulation  Acts  now  provide  every  possible 
precaution  that  can  be  taken  for  his  safety,  regardless  of  cost  or  con- 
venience. 

The  first  principle  in  mining-  must  be  safety,  and  the  next  profitable 
working.     Adequate  Government  inspection  is  provided,  and  all  causes  of 
ious  accident  are  investigated  by  H.M.  inspectors  of  mines.    Managers 
and   under-managers  must    prove    themselves  properly   qualified,   and 
exercise   daily  supervision   of   the  mines.       The   employment  of  boys, 
girls  and  women  is  regulated  as  to  age  and  period  of  work.      Duplicate 
communication  is  provided  from  the  mine  to  the  surface.      Ventilation 
and  appliances  must  be  adequate.     Rules  are  in  force  for  careful  and 
constant  examination  of  all  working-places,  roads,  shafts,  ropes,  guides 
and  machinery.     All  dangerous  places  and  machinery  must  be  fenced. 
Naked  lights  are  prohibited  where  danger  may  be  apprehended.     Safety- 
lamps,  capable  of  standing  tests  of  almost  impossible  occurrence  in  actual 
use,  are  to  be  carefully  cleaned,  examined  and  locked,  and  must  not  be 
opened  in  the  workings.    Almost  prohibitive  restrictions  are  placed  upon 
the  use  of  explosives,  so  as  to  cause  their  discontinuance  in  every  mine 
where  it  is  possible  to  do  without  them.     Every  possible  care  is  to  be 
exercised  in  approaching  old  workings.     Refuges  are  to  be  provided  on 
underground  roads  where  persons  are  liable  to  injury  by  passing  trains, 
at  stipulated  distances.     Horse-roads  must  be  sufficiently  high  and  wide 
to  clear.     Shafts  must  be  lined.     All  roofs  and  sides  of  roads  where 
persons  pass  are  to  be  made  secure.     Sufficient  timber  for  all  require- 
ments is  to  be  near  at  hand  for  use  when  wanted.     Enginemen  are  to  be 
of  stipulated  age  and  competent.      Proper  signals  in  shafts  from  surface 
to  bottom  and  bottom  to  surface,  and  on  haulage-roads  must  be  provided. 
Some  approved  contrivance  must  be  attached  to  the  engine  or  cages  to 
prevent  over-winding.     Cages  must  be  covered,  single-linked  chains  are 
not  to  be  used  in  shafts,  and  drums  must  be  flanged  and  provided  with 
adequate  brakes  where  men  ride.     Boilers  must  be  cleaned  within  stated 
periods,   and    be    fitted   with   steam-gauges,    safety-valves   and   water- 
gauges.    Barometers  and  thermometers  must  be  placed  in  positions  where 
all  employed  may  see  them.     All  examinations  must  be  recorded  in  books 
accessible   to   all   parties   interested.     Workmen   are   allowed  to  make 
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inspections  themselves.  No  collier  must  work  alone,  except  after  2  years' 
experience.  Special  rules  must  be  established  at  every  mine  for  the 
guidance  of  all  persons,  both  officials  and  workmen,  engaged  thereat, 
and  as  these  rules  are  first  to  be  proposed  by  the  owners  assisted  by  their 
mining  engineers  and  managers  ;  and  in  practice  amended  and  approved 
by  the  miners'  representatives  ;  then  by  H.M.  inspectors  before  final 
approval  by  the  Secretary  of  State,  I  think  1  am  fully  justified  in  ventur- 
ing the  opinion  that  every  possible  means  and  care  has  been  taken  for 
the  safety  of  those  employed  in  and  about  mines  by  statute  guided  by 
the  greatest  available  experience  and  knowledge  of  all  classes  connected 
with  the  business  of  mining. 

Parliament  having  done  everything  it  could  in  enforcing  the  employ- 
ment of  qualified,  sufficient  and  careful  management  ;  inspection  both 
dependent  and  independent ;  and  prohibition  of  all  dangerous  practices 
short  of  the  employment  of  human  beings  in  a  mine  at  all,  has  now,  by 
the  passing  of  the  Workmen's  Compensation  Act,  gone  still  further  in 
making  the  employer  responsible  for  injuries  sustained  or  arising  from 
circumstances  and  conditions  which  are  largely  beyond  his  control,  no 
matter  what  amount  of  care,  means  and  expense  he  bestows.  In  order 
to  comprehend  and  estimate  the  enhanced  extent  of  the  owners'  liability 
by  this  recent  Act  over  their  responsibility  under  the  Employers' 
Liability  Act  of  1880,  it  is  essential  to  make  a  comparison  of  the 
provisions  of  each. 

The  amount  of  compensation  recoverable  for  injury  under  the 
Employers'  Liability  Act  is  not  to  be  more  than  such  sum  as  may  be 
found  to  be  equivalent  to  the  estimated  earnings  during  the  3  years 
preceding  the  injury  of  a  person,  in  the  same  grade  during  those  years 
in  the  like  employment  and  in  the  district  wherein  the  workman  is 
employed  when  the  injury  happened.  In  making  a  claim,  the  workman 
must  first  prove  negligence.  The  employer  may  claim  non-responsibility 
(1)  on  the  ground  that  the  injury  arose  from  ordinary  trade  risk,  of 
which  the  injured  party  was  fully  aware,  and  received  better  remunera- 
tion than  the  labour  would  be  worth  without  the  risk  ;  and  (2)  there 
may  be  contributory  negligence  of  the  injured  person  proved  as  a  good 
defence. 

A  claim  under  the  Workmen's  Compensation  Act  may  be  made, 
which  cannot  be  resisted  unless  the  employer  can  prove  that  the  accident 
occurred  through  the  direct  negligence  of  the  person  injured,  no  relief 
being  afforded  if  it  arose  by  the  direct  violation  of  the  law  or  rules  by 
any  other  person.     Since  the  passing  of  the  Workmen's  Compensation 
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Act,  I  have  endeavoured  to  analyse  the  various  causes  of  accidents  at 
our  colliery  for  a  year,  and  the  result  of  my  investigations  may  be  of 
interest  to  the  members  of  the  Institute,  and  supplement  the  information 
contained  in  the  various  Government  records,  returns  and  reports  which 
arr  available.  It  may  also  be  the  means  of  directing  our  attention  along 
more  definite  lines,  when  we  have  a  clear  idea  of  the  causes  of  so  many 
accidents  too  trivial  to  be  reported  to  the  inspectors,  and,  therefore,  not 
included  in  his  statistics,  yet  which  will  affect  to  a  considerable  extent 
the  amount  disbursed  in  compensation  by  the  mine-owner.  At  the 
selected  colliery,  I  have  taken  for  a  period  of  1  year  the  number  of 
persons  injured  underground  and  at  the  surface  respectively,  as  well  as 
can  be  ascertained,  and  attributable  to  the  causes  set  forth  in  the  table. 
Of  course  it  will  be  understood  that  between  some  accidents  it  is  difficult 
to  draw  a  line,  but  I  hope  that  the  tables  will  be  sufficiently  definite  to 
answer  the  purpose  desired.  In  all,  468  accidents  were  recorded,  resulting 
in  the  loss  of  5,938  days'  work,  and  the  details  are  recorded  in  Tables  I. 
and  II. 


Table  I. — Statement  showing  all  Accidents  from   July  19th,   1897,  to 

July  18th,  1898. 


Underground. 

Surface. 

Causes  of  Accidents. 

Accidents. 

Days  Off  Work. 

Accidents. 

Days  Off  Work. 

No. 

Per  Cent. 

No. 

Per  Cent. 

No. 

Per  Cent. 

No. 

Per  Cent. 

(A.)  Not     carrying     out 

rules 

12 

2-564 

125 

2-104 

1 

0-214 

1 

0-017 

(B. )  Preventable,  by  more 

stringent      regula- 

tions 

1 

0-214 

119 

2-004 









(C. )  Arising  through  lack 

of      proper       pre- 

cautions    on      the 

part  of  the  injured 

person,  though  not 

in  contravention  of 

rules,  viz.,  error  of 

judgment  ... 

49 

10-470 

1,287 

21-675 

9  '   1-923 

36 

0-606 

(D.)  Occurring  without  in- 

dication of  danger 

114 

24-358 

1,527 

25-716 

1      0-214 

43 

0-724 

(E.)  Attributable  to  want 

of  care  on  the  part  of 

the  injured  person 

157 

33-547 

1,681 

28-309 

10      2-137 

100 

1-684 

(F. ;  Attributable  to  want 

of  care  on  the  part 

of  others    ... 

5 

1-06S 

15 

0-252 

3 

0-641 

4 

0-068 

(G.)  Other  accidents,  but 

not  defined  (gene- 

rally under  t>  and 

E) 

Totals 

106 
444 

22-650 

1,000 

16-841 

24 

— 

— 

— 

94-871 

5,754 

96-901 

5-129 

184 

3-099 

182 
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It  will  be  observed  from  the  babies  that  only  one  accident,  occurred 
which  could  have  been  prevented  l>y  more  stringent  regulations,  whilst 
about  l'.'i  per  cent,  of  the  total  number  of  aecidents  occurred  without 
any  indication  of  extraordinary  danger.  One-third  of  the  underground 
accidents  and  over  one-fourth  of  the  surface  accidents  are  distinctly 
traceable  to  want  of  proper  care  on  the  part  of  the  injured  person,  and 
these  injuries  chiefly  happened  to  the  fingers,  followed  by  the  back.  The 
latter  percentage  is  doubtless  much  augmented  by  the  numbers  under  the 
head  undefmable,  a  large  number  appearing  thus,  but  generally  of  a  trivial 
character,  though  including  a  number  of  more  serious  accidents  which 
could  not  be  certainly  attributed  to  carelessness.  For  compensation 
calculations,  the  portion  of  the  body  carrying  the  highest  insurance  is 
the  leg,  on  account  of  the  number  of  accidents  and  the  time  required  to 
heal  the  injury. 

Whilst  nothing  can  be  done  to  prevent  a  man  from  trapping  his 
fingers  by  lifting  a  stone  improperly  into  a  tub  ;  from  falling  down 
over  rails,  ropes,  etc.  ;  from  sticking  a  pick  into  himself ;  from  getting 
squeezed  between  a  tram  and  the  side  of  the  road  in  his  hurry  to  get  out 
at  the  termination  of  a  shift ;  from  spraining  his  back  by  lifting,  etc.  ; 
from  trapping  his  hands  by  running  tubs  against  props  ;  from  putting 
his  feet  under  waggon  wheels,  and  such  like  injuries,  I  would  endeavour 
to  draw  the  members'  attention  to  the  great  advantage  in  every  way 
derivable  from  the  adoption  of  simple  appliances  to  obviate  risks  that 
may  be  avoidable. 

Much  has  been  done  by  the  improvement  and  use  of  coal -getting 
machinery,  high-explosives,  safety-lamps,  automatic  stopping-gear  to 
engines,  apparatus  to  prevent  cages  from  falling  in  shafts,  etc. ;  but  there 
still  remains  ample  scope  for  the  exercise  of  ingenuity  and  resource. 
Can  anything  be  done  to  facilitate  the  drawing  of  timber  in  wastes 
(a  fertile  source  of  danger)  ;  can  we  devise  a  simple  and  efficient  brake 
for  tubs  ;  better  attachments  for  tubs  and  ropes  to  trains ;  indicating 
signals ;  self-acting  separation-doors ;  catches  on  inclines  to  prevent 
runaways  ;  a  method  of  breaking-down  coal  without  the  necessity  of  a 
man  being  in  front ;  easily  set  and  removable  sprags  ;  and  innumerable 
other  remedies  which  daily  suggest  themselves  to  those  directly  engaged 
in  and  about  a  mine  ? 

I  am  inclined  to  think  that  many  members  could  render  very  valuable 
service  to  the  Institute  by  drawing  attention  to  details  in  the  practical 
working  and  management  of  mines  if  they  were  not  too  diffident  to  do 
so,   perhaps   esteeming  such   details   too   insignificant  to   be  of  use  or 
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interest.  I  would  impress  upon  all  who  take  that  view  that  industrial 
machinery  in  its  entirety  is  made  up  of  small  details,  and  any  infor- 
mation thereon  is  undoubtedly  most  acceptable,  and  perhaps  of  even 
more  practical  use  than  elaborate  and  highly  scientific  essays,  although 
they  too  are  indispensable. 

The  dearth  of  contributions  to  the  Transactions  of  the  Institute  is 
owing,  I  believe,  to  disinclination  to  take  the  trouble  to  prepare 
elaborate  papers,  and  reluctance  to  give  a  simple  account  of  some 
occurrence  or  contrivance  which  may  be  open  to  criticism.  I  would 
appeal  to  the  members  not  to  be  deterred  by  such  impressions,  assuring 
them  that  the  Institute  will  most  gladly  welcome  and  appreciate  the 
information,  and  I  hope  that  many  will  be  induced  by  these  remarks  to 
supplement  the  records  of  the  Institute  with  up-to-date  practical 
papers. 


Mr.  Jxo.  Nevin  (Mirrield),  in  moving  a  vote  of  thanks  to  the 
President  for  his  address,  remarked  that  it  was  a  difficult  matter  to  say 
anything  new  in  a  presidential  address,  because  at  least  six  presidential 
addresses  were  delivered  each  year  to  the  members  of  the  Federated 
Institutes.  The  members  had  listened  to  a  thoroughly  practical  address, 
affording  hints  which  he  hoped  a  good  many  of  them  might  be  able  to 
follow. 

Mr.  H.  Walters  seconded  the  motion,  which  was  carried. 

Mr.  H.  St.  John  Durnford  (Ackton  Hall  colliery)  asked  how  many 
persons  were  employed  at  the  colliery  referred  to  in  the  presidential 
address. 

The  President,  after  thanking  the  members,  said  that  he  had 
purposely  left  out  the  number  of  persons  employed,  as  he  thought  that 
comparisons  between  one  place  and  another  were  invidious.  The 
figures  were  published  so  as  to  supply  information  as  to  the  percentage  of 
accidents  arising  from  various  causes,  how  far  they  might  be  guarded 
against,  how  far  they  were  owing  to  the  injured  person's  own  negligence, 
the  parts  of  the  body  which  were  most  liable  to  injury,  and  the  length  of 
time  during  which  the  injured  persons  were  off  work.  The  same  per- 
centages would  apply  to  all  collieries  where  like  injuries  took  place, 
although  perhaps  not  in  the  same  proportions. 
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DISCUSSION  ON  MR,  W.  E.  GARFORTH'S  "SUGGESTED 
RULES  FOR  THE  RECOVERY  OP  COAL-MINES  AFTER 
EXPLOSIONS."* 

The  President  said  that  the  Council  had  been  considering  the 
advisability  of  establishing  stations,  with  convenient  access  to  collieries, 
where  apparatus  could  be  kept  which  would  be  useful  and  fit  for  use,  and 
that  a  number  of  men  should  be  trained  in  their  use,  so  that  they  would 
be  available  at  any  time.  A  committee  had  been  appointed  to  draw  up  a 
scheme,  which,  after  approval  by  the  Council,  would  be  afterwards  sub- 
mitted for  the  consideration  of  the  members. 

Mr.  H.  B.  Nash  (Barnsley)  suggested  that  the  committee  could 
compile  from  the  suggested  rules  put  before  them  by  Mr.  Garforth  some 
concise  rules  which  could  be  posted  by  the  side  of  the  General  and 
Special  Rules  which  they  were  obliged  to  put  up  by  the  Coal-mines 
Regulation  Act,  and  also  at  some  prominent  positions  in  the  mine.  The 
miners,  as  well  as  the  officials,  would  then  become  conversant  with  the 
general  principles  there  deduced.  There  was  no  doubt  that  the  safety 
and  recovery  of  the  men  in  the  mine  after  an  explosion  depended  to  a 
great  extent  upon  the  miners  themselves,  as  to  how  they  should  get  out 
of  the  mine  in  case  of  accident. 

Mr.  T.  B.  A.  Clarke  (Lidgett  colliery)  approved  of  Mr.  Nash's 
suggestion.  He  was  in  Austrian  Silesia  this  year,  and  saw  an  apparatus 
which  fitted  over  the  head,  and  was  supplied  with  oxygen  ;  and  these 
appliances  were  hung  up  ready  for  use  at  nearly  every  colliery  in  that 
district,  so  that  if  men  were  imprisoned  in  an  irrespirable  atmosphere, 
other  men  could  enter  with  this  apparatus,  carrying  spare  ones  to  the 
imprisoned  men,  and  bring  them  out  in  safety.  This  apparatus  had 
been  tried  abroad  with  considerable  success.  In  the  case  of  an  explosion 
in  Prussia,  16  lives  were  saved  by  the  use  of  this  apparatus  ;  and  the 
Prussian  government  gave  a  grant  of  money  to  the  men  who  ventured  in 
with  it  and  rescued  these  lives.  At  such  times,  everything  turned  on 
having  efficient  apparatus  ready  (not  at  every  colliery,  though  it  would 
be  better  so)  and  easily  obtainable,  in  the  case  of  a  number  of  men  being 
imprisoned  in  a  noxious  atmosphere. 

*  Trans,  Inst*  M.E.,  vol.  xiv.,  page  495  ;  and  vol.  xv.,  pages  134,  210,  249,  261 
and  268. 
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Mr.  IT.  St.  John  Durnford  (Ackton  Hall  colliery)  stated  that  the 
Walclier  pneumatophore  had  been  described  in  the  Transactions*  and 
some  of  the  members  had  used  them  at  their  collieries,  two  being  ready 
for  use  at  Ackton  Hall  colliery.  The  apparatus  had  been  vei-y  greatly 
improved,  and  now  consisted  of  a  sort  of  diving-bell,  which  was  put  on, 
and  was  more  comfortable  than  that  in  which  the  nose  was  closed  by  a 
pair  of  pincers. 

Mr.  C.  C.  Ellison  said  that  in  the  improved  apparatus,  a  mask,  with 
a  glass  to  look  through,  fitted  the  face,  and  this  was  much  better  than 
the  mouthpiece  and  nippers  which  were  placed  over  the  nose.  He  saw 
the  men  working  with  this  apparatus,  and  he  believed  that  they  could 
do  a  very  fair  amount  of  work  for  something  like  1  or  1|  hours. 
The  improved  apparatus  was  fitted  with  two  cylinders  of  oxygen,  so 
that  when  one  cylinder  was  emptied,  the  user  knew  that  he  had  been 
there  a  little  more  than  half  the  time  that  he  should  be,  and  he  could 
then  consider  how  much  longer  he  should  remain. 

Mr.  H.  E  Gregory  said  that,  in  many  cases,  if  it  had  been  brought 
to  the  mind  of  the  persons  in  the  mine  at  the  time  of  an  explosion  or 
fire  that  they  could  escape  through  the  return  airways,  many  lives 
might  have  been  saved.  An  underground  fire  occured  27  years  ago  at 
a  colliery  with  which  he  was  intimately  connected,  and  it  was  proved 
in  the  enquiry  which  took  place,  that,  bad  the  men  gone  forward  in 
the  return  airway,  their  lives  would  have  been  saved.  Recently,  at  the 
Whitwick  colliery,  a  number  of  men's  lives  would  have  been  saved  had 
they  gone  forward  in  the  return  airway.  He  approved  of  Mr.  Nash's 
suggestion  that  rules  should  be  compiled,  giving  men  guidance  in  cases 
of  explosion  and  fire,  in  matters  of  which  they  were,  to  a  great  extent, 
entirely  ignorant. 

Mr.  J.  R.  R,  Wilson  said  that  Mr.  Garforth's  paper  was  full  of  rules, 
and  covered  all  tbe  suggestions  which  could  -be  mentioned  as  to  safety- 
appliances,  and  the  means  to  be  adopted  for  recovering  men  from  the 
mine.  Excerpts  should  be  made  from  those  rules,  and  placed  upon  the 
pit-heaps. 

The  President  said  that  the  various  suggestions  would  be  considered 
by  the  Council.  There  was  great  difficulty  in  getting  workmen  to  do 
anything  tending  to  their  own  safety  or  anybody  else's,  except  what  they 
were  accustomed  to  do  by  their  training.      For  instance,  at  Denaby  and 

*  Trans,  hist.  M.E.,  vol.  xiv.,  page  575. 
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Oadeby  collieries,  where  4,000  people  were  employed,  ambulance  classes 
had  been  carried  on  for  many  years,  and  it  was  considered  a  very  good 
attendance  if  bhey  could  get  25  bo  a  class.  There  was  plenty  of  legisla- 
tion throwing  responsibility  upon  owners,  managers  and  officials,  but 
nothing  had  been  done  requiring  the  men  to  pass  an  examination  or 
even  to  know  anything.  lie  thought  that  Parliament  should  make 
workmen  pass  an  examination  (as  they  did  at  school  in  reading,  writing 
and  arithmetic),  so  as  to  ascertain  whether  they  knew  what  a  collier 
should  do  in  a  mine.  The  manager  might  post  up  the  rules,  but  the 
colliers  would  not  read  them. 


DISCUSSION  ON  MR.  W.  BAYLEY  MARSHALL'S  PAPER  ON 

"  ROLLER-BEARINGS."* 

Mr.  H.  B.  Nash  said  that  from  the  specimens  exhibited  in  London, 
and  the  possibility  of  their  reducing  friction,  there  was  not  the  slightest 
doubt  that  their  application  to  fans  was  particularly  desirable — if  they 
could  be  supplied  at  a  reasonable  cost. 

Mr.  J.  E.  Chambers  (Tinsley  colliery)  said  that,  at  a  Durham 
colliery,  a  large  fan  had  been  started  with  roller-bearings  applied  to  it. 

Mr.  T.  B.  A.  Clarke  (Lidgett  colliery)  said  that  roller-bearings 
would  not  strengthen  the  shaft,  the  benefit  to  be  derived  was  economy  in 
the  use  of  oil  and  1  or  2  horsepower  in  friction.  In  his  experience, 
roller-bearings,  in  good  condition,  worked  very  well,  but  they  were  apt 
to  stick  and  give  trouble. 

Mr.  H.  B.  Nash  said  that  roller-bearings  had  been  applied  to  the 
tramcars  at  Blackpool  for  over  3  years,  and  they  effected  a  saving  of 
30  per  cent,  upon  the  cost  of  horsepower  in  dragging  the  cars  as  com- 
pared with  the  bearings  in  ordinary  use. 

The  President  said  that  a  year  or  two  ago  he  had  tried  a  pit-tub  fitted 
with  roller- bearings,  but  it  was  not  a  success,  as  the  rollers  and  axles 
were  soon  destroyed  by  dirt.  The  consumption  of  oil  on  an  ordinary 
bearing  was  considerable,  owing  to  dirty  roads  and  to  dust,  and  he  was 
desirous  of  trying  anything  that  would  reduce  it.  There  might  be  a 
saving  by  the  increased  duty  of  the  engine  and  a  small  reduction  in  the 
consumption  of  coal,  in  the  case  of  a  fan  and  engine,  by  substituting 
roller-bearings  for  ordinary  bearings,  but  these  conditions  were  favourable 
to  ordinary  lubrication.  He  did  not  think  that  there  could  be  much 
economy,  after  his  experience  of  the  pit-tub. 


h   Trans,   Inst.  M.E.,  vol.  xv.,  page  302. 


188  DISCUSSION — THK  OTTO  COKE-OVEN. 


DISCUSSION  ON  DR.  C.  KROSEBERG'S  PAPER  ON  "THE 

OTTO  COKE-OVEN."* 

Mr.  C.  C.  Ellison  said  that  he  had  recently  seen  the  latest  form  of 
Otto  oven,  fitted  with  the  Bunsen  burner  working  underneath,  and  they 
seemed  to  be  working  extremely  well.  It  was  thought,  when  the  arrange- 
ment of  Bunsen  burners  was  invented,  that  it  would  be  too  hot  for  a  man 
to  go  under  the  ovens  to  tend  the  burners,  but  this  was  not  so  in  practice. 
The  gas  could  be  admitted  almost  as  easily  as  they  could  turn  on  or  off  an 
ordinary  burner,  and  the  Otto  coke-oven  was  certainly  a  success. 

Mr.  H.  B.  Nash  enquired  what  was  the  saving  as  compared  with  the 
old  system  of  working  Otto  coke-ovens  ? 

Mr.  C.  C.  Ellison  replied  that  the  new  coke-ovens  did  not  require  as 
much  gas  as  the  old  ones,  there  was  no  waste,  and  the  heat-regulation 
was  almost  perfect. 

Dr.  C.  Kroseberg-  wrote  that,  although  the  Otto- Hoffmann  coke-oven 
actually  gave  better  results  than  other  competing  systems,  it  still  had 
some  defects,  such  as  the  needle-flame  at  the  gas  entrance,  which  is 
close  to  the  oven  walls,  and  the  variations  of  temperature  caused  by 
changes  in  the  gas-flow.  It  is,  especially,  the  uniformity  with  which 
the  latest  type  of  Otto  coke-oven  is  heated,  and  the  regularity  with 
which  it  works,  that  mark  its  superiority  over  the  Otto-Hoffman 
coke-oven. 


Tram.  Inst.  M.E.,  vol.  xv.;  page  402. 
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MIDLAND   INSTITUTE  OF  MINING,  CIVIL  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 
Held  at  the  Queen's  Hotel,  Leeds,  January  28th,  1899. 


Mr.  \V.  H.  CHAMBERS,  President,  in  the  Chair. 


The  minutes  of  the  previous  General  Meeting  were  read  and  con- 
firmed. 


The  following  gentlemen,  having  been  previously  nominated,  were 
elected : — 

Members- 
Mi-.  John  Henry  Darbyshire,  Assistant  Manager,  Ashton  Green  Collieries 

Company,  St.  Helens. 
Mr.  Maurice  Graham,  Civil  and  Mechanical  Engineer,  Black  Bull  Street, 

Leeds. 
Mr.    Joseph   Green  smith,    Colliery   Manager,    Monckton    Main    Colliery, 
Barnsley. 

Student — 
Mr.    Ashton   Ashton    Shuttleworth,    Mining   Student,    Monckton   Main 
Colliery,  Barnsley. 


The    Secretary    read   the    following   paper    on    "The    Rhenish- 
phalian   Coal-syndicate,"  by   Mr.   George  Blake   Walker: — 
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THE  RHENISH-WESTPHALIAN  COAL-SYNDICATE. 


By  GEORGE  BLAKE  WALKER. 


The  great  and  continued  success  of  the  combination  of  coal-owners 
known  as  the  Rhenish- Westphalian  Coal-syndicate  has  aroused  much 
interest  in  this  country,  not  unmixed  with  astonishment.  That  the 
coal-owners  of  any  large  district  should  be  able  to  combine,  to  sink  their 
individual  independence,  and  act  harmoniously  with  each  other  for  the 
common  good,  borders  on  the  incredible.  Yet  the  Westphalian  Coal- 
syndicate  is  a  fact,  and,  as  such,  a  brief  statement  of  some  of  the  leading 
features  of  its  constitution,  working,  and  results  may  not  be  unacceptable 
to  the  members. 

This  paper  naturally  makes  no  claim  to  originality.  The  figures  are 
taken  from  the  last  Year  Booh  (1897)  of\11te  Mining  District  of  Dort- 
mund*—  a  work  in  which  much  interesting  information  as  to  the 
capital  of  the  various  mining- companies  and  the  profits  realized  by  them 
will  also  be  found.  It  is  wellknown  that  the  establishment  of  the  syndi- 
cate has  been  attended  with  the  happiest  results  from  the  coal-owners' 
point  of  view  ;  but  it  may  be  also  said  that  it  has  not  prejudiced  the 
interests  either  of  the  consumer  or  the  workman.  The  administration 
of  the  syndicate  has  been  marked  by  strict  moderation,  and  regard  to  the 
wider  interests  of  the  manufacturing-community  of  Germany.  Prices 
fluctuate  but  little,  and  the  price  charged  to  all  buyers  of  fuel  in  the 
same  locality  is  the  same.  Thus  each  manufacturer  knows  that  his 
competitor  pays  the  same  price  for  his  fuel  as  he  himself  does.  The 
coal-owner,  assured  of  a  fair  profit,  is  encouraged  to  improve  the  con- 
ditions under  which  his  workpeople  live  ;  and  none  can  visit  Westphalia 
or  the  Rhine  Province  without  being  struck  with  the  prosperous  appear- 
ance both  of  land  and  people.  On  the  other  hand  the  motto,  "  Union  is 
strength,"  is  exemplified  in  the  treatment  of  wages  questions  ;  and  it 
may  be  said  that  the  coal-syndicate  and  the  other  associations  of 
German  mine-owners  are  the  best  possible  guarantee  against  strikes. 

Another  result  of  the  existence  of  the  syndicate  is  evident  in  the 
magnificence  of  the  colliery-equipment  which  has  been  developed  during 

*  Essen  :  G.  D.  Baedeker. 
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tha  last  few  years.  Every  applianoe  for  making  the  bsst  of  a  coal 
naturally  more  tender  than  is  usually  the  case  in  Great  Britain,  and 
which  has  to  be  mined  under  greater  difficulties,  owing  to  the  flexured 
character  of  the  coal-field,  is  brought  into  requisition  with  excellent 
results.  One  of  the  most  striking  of  these  is  found  in  the  high  prices 
obtained  for  nuts  and  small  coal,  of  which  particulars  are  given  at  the 
end  of  this  paper  ;  but  it  may  be  added  that  these  costly  plants  not  only 
improve  the  value  of  the  article  produced,  but  tend  materially  to 
economize  labour. 

It  is  unnecessary  to  enlarge  further  on  the  advantages  which  the 
German  coal-owners  have  derived  from  the  establishment  of  the  syndicate, 
as  they  are  notorious. 

I.— Constitution  of  the  Syndicate. 

The  syndicate  has  its  headquarters  at  Essen,  and  is  established  for 
the  purchase  and  sale  of  coal,  coke  and  briquettes.  Its  capital  consists 
of  900,000  marks  (£45,000)  divided  into  3,000  shares  of  300  marks 
each,  which  can  only  be  transferred  with  the  consent  of  the  syndicate. 

The  syndicate  is  conducted  by  : — (a)  The  management,  (b)  the 
board  and  (c)  the  shareholders  in  general  meeting. 

The  management  consists  of  a  general  manager  and  two  assistant- 
managers  appointed  by  the  board. 

The  board  consists  of  nine  members,  who  are  appointed  for  4  years. 
Three  members  retire  annually  at  the  general  meetings,  and  are  eligible 
for  re-election.  Any  casual  vacancy  is  filled  at  the  next  general  meeting 
by  election.     Five  members  of  the  board  constitute  a  quorum. 

The  general  meeting  of  shareholders  is  convened  by  the  management, 
but  the  board  also  possess  this  power.  Each  share  gives  the  holder  one 
vote.  Shareholders  may  attend  the  general  meetings  by  duly  nominated 
substitutes,  who  need  not  be  themselves  shareholders.  The  annual  general 
meeting  is  held  during  the  first  6  months  of  the  financial  year.  Extra- 
ordinary general  meetings  may  be  convened  by  the  board  or  by  the 
managers  on  the  requisition  of  shareholders  representing  one-twentieth 
of  the  share  capital. 

The  business  of  the  annual  general  meeting  is : — (a)  The  report  for 
the  year  ;  (b)  the  balance-sheet  and  remuneration  of  the  board  and 
managers  ;  (c)  the  distribution  of  the  net  profit ;  (d)  the  election  of 
members  of  the  board  ;  and  (e)  the  election  of  auditors.  At  these  meet- 
ings alterations  of  the  articles  of  association  and  other  like  business 
may  be  transacted. 
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The  management  must,  present,  within  3  months  of  the  end  of  the 
financial  year,  a  balance-sheet  and  profit-and-loss  account,  and  a  report  on 
I  hr  company's  operations  during  the  past  year.  This  balance-sheet  and 
report  must  be  sent  to  every  member  at  least  14  days  before  the  general 
meeting,  together  with  the  auditors'  report. 

The  memorandum  of  association  is  made  between  the  Rhenish- West- 
phalian  Coal-syndicate  and  the  various  mines  in  association  therewith. 
It  sets  forth  that  the  object  of  the  company  is  to  obviate  injurious 
competition  on  the  coal-market.  The  various  mines  each  severally 
covenant  with  the  others,  to  abide  by  the  decisions  of  the  general 
meetings  and  of  the  board  and  the  management  of  the  company. 

Meetings  of  mine-owners  are  convened  as  required,  when  every 
complete  10,000  tons  of  allotted  output  carries  one  vote.  Three-fourths 
of  the  votes  are  required  for  a  quorum.  If  this  quorum  be  not  present, 
the  meeting  must  be  adjourned  and  another  summoned.  At  the  second 
meeting,  the  decisions  of  the  members  present  and  voting  bind  the 
company.  The  chairman  of  the  board  presides.  Only  members  or  their 
duly  authorized  substitutes  can  attend  these  meetings.  Third  persons 
are  not  eligible.  The  business  includes  : — (1)  Nomination  of  a  council 
representative  of  the  members  ;  (2)  choice  of  members  of  a  commission 
to  whom  is  referred  the  allotment  of  the  output  to  be  assigned  to  each 
mine  ;  (3)  decision  on  any  recommendation  of  the  management  for 
a  temporary  restriction  of  output  ;  (4)  confirmation  of  penalties  and 
compensation  payable  by  or  to  members  for  excess  or  deficiency  of  out- 
put from  their  mines  ;  (5)  decision  as  to  the  admission  of  new  members  ; 
and  (6)  confirmation  of  the  holding  of  the  share-capital  among  the 
30ciated  mine-owners. 

Every  mine-owner,  or  any  group  of  mines,  is  entitled  to  elect  a 
member  to  the  council  for  every  1,000,000  tons  of  annual  output. 

Committees  may  be  appointed  by  the  council  to  deal  with  particular 
questions. 

The  output-commission  consists  of  four  members,  two  engineers, 
one  commercial  expert,  and  a  member  of  the  management  of  the 
syndicate.  The  former  are  elected  annually  in  duplicate  (namely,  four 
engineers  and  two  commercial  experts)  by  the  mine-owners  in  general 
meeting.  Should  a  vacancy  occur  during  the  term  of  office,  the  mine- 
owners  appoint  a  substitute  at  the  next  monthly  meeting.  No  member 
of  the  commission  can  adjudicate  on  the  apportionment  of  output  to 
any  mine  in  which  he  is  interested  either  as  owner  or  employe.  The 
commission  decide  by  a  majority  of  votes.  In  case  of  equa'ity  the 
chairman  of  the  council  acts  as  umpire. 
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IT. — Pooling  of  Sales. 

1.— Each  associated  colliery  sells  its  whole  production  of  coal,  coker 
and  bri  juettes  to  the  Rhenish-AVestphalian  Syndicate,  which  undertakes 
the  duty  of  disposing-  of  the  same,  in  accordance  with  the  regulations  for 
the  time  being  in  force. 

2. — Coal,  etc.,  for  the  following  purposes  are  excepted  : — (//)  Colliery- 
consumption  and  coal  required  for  other  works  in  connexion  with  the 
collieries,  such  as  brick-works,  etc.  ;  (b)  landsale  coals  into  carts,  so  long 
as  neighbouring  collieries  are  not  prejudiced  ;  and  (c)  home  coals  for 
officials,  workmen,  etc.,  and  free  coals  for  charitable  purposes. 

3. — The  disposition  of  the  excepted  c©al,  etc.,  may  be  controlled  by 
the  managers  of  the  syndicate,  who  also  settle  the  prices  to  be  charged 
for  sales  by  landsale,  and  an  account  of  the  coals  disposed  of  under 
section  2  must  be  sent  to  the  syndicate  every  month. 

4.  — The  associated  collieries  pledge  themselves  during  the  con- 
tinuance of  the  agreement  to  absolutely  refrain  from  selling  any  coal, 
coke  or  briquettes  (except  as  above  specified)  and  to  refer  all  applica- 
tions and  enquiries  to  the  syndicate.  Notwithstanding,  every  mine- 
owner  is  bound  to  render  any  assistance  in  his  power  desired  by  the 
management  of  the  syndicate. 

5. — [Contracts  made  prior  to  the  formation  of  the  syndicate  in  1893 
were  completed  under  the  auspices  of  the  syndicate.] 

Coke  and  briquettes  are  sold  through  the  medium  of  the  West- 
phalian  Coke- syndicate  and  the  Briquette-union,  but  an  account  of  the 
disposal  of  all  coal  converted  into  coke  or  briquettes  must  be  furnished 
to  the  Rhenish- Westphalian  Coal-syndicate  by  the  5  th  of  each  month. 

6. — Returns  as  to  the  quantity  of  coke  and  briquettes  made  must  be 
furnished  to  the  Rhenish-Westphalian  Coal-syndicate  within  the  same 
period. 

7. — The  Rhenish-Westphalian  Coal-syndicate  may  in  its  discretion 
purchase  coke  and  briquettes  from  non-associated  collieries. 

IN. — Apportionment  of  Output. 

The  apportionment  of  output  between  the  different  collieries  was 
originally  based  on  the  actual  outputs  of  1892,  but  these  have  since  been 
modified  from  time,  to  time  to  meet  changes  in  circumstances. 

If  a  mine-owner  desires  his  allotted  output  to  be  increased,  he  must 
give  0  months'  notice  to  the  syndicate.  If  the  increase  proposed  will 
not  necessitate  a  proportionate  decrease  in  the  outputs  of  the  other 
associated   collieries,    the   question    is   referred    to  and  decided  by  the 
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output  commission.  This  body  considers  the  circumstances  under  which 
the  application  for  an  increased  allotment  arises,  and  satisiies  itself 
that  the  applicant  is  in  a  position  to  produce  the  increase.  Where  new 
winnings  are  not  in  question,  but  the  increased  output  is  derived  from 
mines  or  portions  of  mines  in  which  operations  have  been  suspended, 
the  commission  must  (with  due  regard  to  the  demand  on  the  market  for 
the  particular  class  of  coal  in  question)  give  the  preference  to  mines 
which  have  been  closed  for  a  longer  as  against  such  as  have  been  sus- 
pended for  a  shorter  period.  If  either  the  mine-owner  or  the  managers 
of  the  syndicate  are  dissatisfied  with  the  decision  of  the  output  com- 
mission they  may  appeal  against  such  decision  to  the  council  within  14 
days  of  the  notification  of  the  decision  of  the  commission.  When  an 
increase  in  output  has  been  granted  to  any  colliery  it  takes  effect  from 
April  1st  or  October  1st  next  following,  and  at  no  other  time. 

Every  colliery  is  bound  to  deliver  its  allotted  output,  unless  4  weeks' 
notice  has  been  given  to  the  syndicate  of  a  reduced  delivery.  The 
various  collieries  owned  by  one  company  are  dealt  with  as  a  whole. 
Collieries  may  also,  if  they  wish,  group  themselves  by  giving  notice  at 
the  commencement  of  any  financial  year,  and  such  groups  are  in  like 
manner  dealt  with  conjointly. 

Should  the  state  of  the  market  necessitate  a  reduction  of  the  output, 
a  percentage  reduction  of  the  allotted  output  of  each  mine  is  notified, 
and  such  reduced  output  is  the  maximum  permitted  for  the  time  being.* 
If  it  should  be  necessary  to  reduce  the  production  of  particular  classes 
of  coal  in  a  greater  degree  than  others,  the  mines  having  the  larger 
apportionment  must  contribute  pro  rata  to  those  whose  apportionment  is 
smaller.  In  such  cases  the  syndicate  furnishes  a  statement  every  month 
of  the  mines  which  have  exceeded  or  have  not  worked  up  to  their  quantity, 
but  no  payments  are  made  in  connexion  with  these  adjustments  until 
the  end  of  the  year. 

IV. — Regulation  of  Prices,  etc. 

The  Rhenish- Westphalian  Coal-syndicate  acts  as  sales-agency  for  the 
associated  collieries,  and  pays  over  to  them  the  moneys  received,  subject 
to  an  allowance  for  expenses.  The  syndicate  has  to  bear  any  bad  debts 
that  it  may  make.  The  management  of  the  syndicate  fix  the  sale-prices 
and  the  conditions  of  delivery,  and  these  are  based  on  a  general  average 
for  coals  of  like  quality  and  size.      Modifications  to  equalize  the  actual 

*  In  the  autumn  of  1898,  the  output  of  the  associated  collieries  was  temporarily 
reduced  by  7  per  cent.,  owing  to  scarcity  of  railway-trucks,  which  were  at  that 
time  required  for  grain  and  harvest  traffic. 
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market-value  of  the  produce  of  each  particular  mine  are  made  by  the 
managers,  and  it  thus  results  that  though  competition  in  selling  is 
obviated  a  mine  may  improve  its  selling-price  by  improving  the  quality 
of  its  product  (as  by  washing,  sizing,  etc.).  If  any  colliery  considers  its 
prices  unfair  as  compared  with  others,  it  may  make  an  appeal  to  the 
council,  by  whom  the  complaint  will  be  considered  and  dealt  with. 

Each  colliery  is  responsible  for  the  proper  execution  of  orders  received 
from  the  syndicate,  and  any  deductions  made  for  inferior  quality  or 
other  reason  must  be  borne  by  the  colliery. 

V.— Expenses. 

To  cover  the  expenses  of  administration  of  the  syndicate  and  its 
business  operations,  a  proportional  deduction  is  made  from  the  amounts 
payable  monthly  to  the  associated  collieries.  The  amount  of  such  deduc- 
tions is  determined  by  the  council. 

VI. — Penalties. 

Any  associated  colliery  selling  coal,  coke  or  briquettes  contrary  to 
this  agreement  is  subject  to  a  penalty  of  50  marks  (£2)  per  ton. 

Any  failure  to  deliver  the  apportioned  output  involves  a  penalty  to  be 
fixed  by  the  council  at  the  end  of  the  financial  year. 

For  any  other  breach  of  the  provisions  of  the  agreement  a  fine  of 
1,000  marks  (£50)  may  be  imposed. 

An  appeal  against  a  panalty  may  be  made  by  a  member  to  the  general 
meeting  of  mine-owners. 

The  penalties  are  deducted  from  the  amounts  due  to  the  offending 
colliery  in  the  hands  of  the  syndicate. 

In  addition  to  any  penalty,  a  member  who  has  broken  the  rules 
of  the  association  is  liable  for  any  actual  damages  which  the  syndicate 
may  have  sustained  through  his  action. 

The  present  agreement  will  terminate  on  December  31st,  1905. 

VII.— Operations  of  the  Coal-syndicate  in  the 
Years  1895  and  1896. 

On  March  1st,  1893,  at  the  inauguration  of  the  syndicate,  the  total 
output  apportioned  among  the  associated  collieries  was  33,575,976  tons, 
rising  at  the  end  of  1893  to  35,531,116  tons,  in  1894  to  37,988,233  tons, 
in  1895  to  40,722,804  tons,  and  ultimately  in  1896  to  42,626,516  tons. 

The  increase  in  the  gross  allotted  output  at  the  end  of  1895  as  com- 
pared with  March  1st,  1893,  was  therefore  7,146,028  tons,  equal  to 
21*28  per  cent.  Evidently  it  was  not  possible  for  the  vend  to  increase 
to  the  same  extent  in  so  short  a  time.     The  inevitable  consequence  of 
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iliis  was  a  pro  rata  reduction   in  each  of  tlie  following  years,  as  shown 
in  the  last  column  of  the  following  table  : — 


V.   ir 

1 S93 
1894 
1895 
1896 

Total  Apportioned  Output 

Vend. 

Actual  Diminution. 

Tods. 

Increase  oompwed 
with  previous  Year, 

Tons. 

Increase  compared 
with  previous  Year. 

Tons. 

Per 

Cent. 

Tons. 

Per 

Cent. 

4-54 

677 

7-!)() 

Tons. 

Per 

Cent. 

35.371,917 
36,978,603 
39,481,398 
42,626,516 

1,606,686 
•2,502,795 
3,145,118 

33,550.436 
34,993,116 
35,354,842 
38,916,112 

1,442,680 

361,726 

3,561,270 

4-30 

1-03 

1007 

1,821.481 
1,985,487 
4,126,556 
3,710,404 

5-15 

5  03 

10-45 

8-71 

The  following  table  shows  the  relations  of  the  gross  allotted  output, 
the  actual  output,  colliery-consumption  and  sales  for  each  month  of  the 
year  1896  :  — 


Month. 

Gross 
Allotted 
Output. 

Actual  Output. 

Colliery 
Consump- 
tion, etc. 

Sales. 

Tons. 

3,340,930 
3,094,014 
3,091,416 
2,952,011 
2,974,512 
3,080,661 
3,394,974 
3,300,268 
3,386,069 
3,584,622 
3,338,203 
3,378,431 

a>T3 

SB  0)      . 

a  o  g, 

Total. 

Dealt  with  by 
Syndicate. 

Tons. 

Per 

Cent. 

January     . . . 
February  ... 
March 
April 
May 
June 
July 
August 
September 
October     . . . 
November. . . 
December  . . . 

Tons. 

3,461,985 
3,452,285 
3,501,148 
3,348.690 
3,558,619 
3,481,407 
3,810,876 
3,686,104 
3,688,638 
3,887,655 
3,453  415 
3,495,693 

96-50 

89-62 
88-30 
88-15 
88-56 
88-49 
89-09 
89-53 
91-80 
92-21 
96-67 
96-65 

Tons. 

800,650 
741,545 
770,282 
748,382 
766,028 
772733 
807,381 
777.196 
779,064 
839,024 
803,335 
827,119 

Tons. 
2.514,026 
2,329,702 
2,334.332 
2.207,047 
2.228,173 
2,315,003 
2,574,396 
2,532,955 
2,606.658 
2,724  651 
2.548,598 
2,562,329 

2,305,696 
2,128,534 
2,154,538 
2,037,486 
2,069,491 
2,163,798 
2,408,850 
2,356,634 
2,423,764 
2,527,645 
2,348,096 
2,367,527 

27,290,059 

91-71 
91-37 
92-30 
92-32 
92-88 
93-47 
93-49 
93-04 
92-98 
92-77 
92-13 
92-40 

92-56 

Totals 

42,826515 

38,916,111 

91-29 

9,432,739 

29,477,870 

It  will  be  observed  that  in  1896  most  favourable  results  were 
obtained  in  the  months  of  January,  September,  October,  November  and 
December,  the  diminution  amounting  only  to  8*33  per  cent,  in  November 
(minimum)  to  8*20  per  cent,  in  September  (maximum).  For  the  other 
months  there  was  but  little  fluctuation  between  a  minimum  of  10*38  per 
cent,  in  February  to  a  maximum  of  1 1*85  in  April.  In  the  previous  year 
fluctuations  were  more  marked.  The  explanation  of  the  remarkable 
steadiness  of  the  output  in  1896  is  that  it  was  due  to  the  favourable 
combination  of  great  activity  in  all  branches  of  industry,  with  a  sufficiency 
of  water  in  the  Rhine,  the  traffic  on  which  is  sometimes  much  restricted 
in  summer  owing  to  the  shallowness  of  the  river. 
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Colliery-consumption  amounts  to  the  large  figurejof  9,432,739  tons, 
or  2 4 -24  per  cent.  ;  but  j this  includes  the  coal  used  for  coking  and 
briquette-manufacture,  as  well  as  the  coal  consumed  at  the  collieries. 

The  competition  of  Great  Britain  was  keenly  felt  in  Hamburg  and 
Holland,  whereas  an  increased  quantity  of  coal  of  150,000  tons  was  sent 
into  Belgium.  The  actual  output  in  1895  was  10*45  per  cent,  under  the 
total  apportioned  output,  and  in  1896  it  was  871  per  cent. 

VIII. — Standard   and  Actual   Prices  of  the   Rhenish-West- 
phalian  Coal-syndicate  for  1S97-98. 

The  council  of  the  Rhenish- Westphalian  Coal-syndicate,  at  its 
meeting  at  Essen  on  January  26th,  1897,  fixed  the  standard  prices 
for  1897-98.  The  standard  prices  are,  as  their  name  implies,  the  basis 
for  the  sales  of  the  syndicate.  These  sales  were  based  on  the  existing 
rates  at  that  time,  but  considerably  better  prices  were  subsequently 
obtained.  In  future,  it  is  proposed  to  fix  the  prices  on  April  1st 
instead  of  January  1st,  as  this  appears  to  be  a  more  convenient 
time  of  the  year  and  allows  time  for  the  delivery  of  uncompleted  balances 
of  contracts.  The  following  tables,  divided  into  the  classes  : — Fat  coals, 
gas  coals,  and  steam  and  dry  coals,  may  be  roughly  considered  to 
correspond  to  the  English  classification  of  house  coal,  gas  coal,  and 
steam  and  manufacturing  coals  : — 

I.  -Fat  Coals. 


Old 

Actual  Selling 

New 

Description  of  Coals. 

Standard 

Prices  for 

Standard 

Prices. 

1897-98. 

Prices. 

M. 

M. 

M. 

Through  and  through 

6-50 

6-50—7-00 

7-00 

Coal  containing  about  25  per  cent,  of  lumps 

8-00 

8-30-8-60 

8-50 

>  5                                    5  5                            ™J              5  5                                >! 

.. 

8-50 

8-75-9-10 

9-00 

5  5                                    5  5                            O"              5  5                                5  5 

9-00 

9-30—9-60 

9-50 

Smithy  coal 

8-50 

8-50-9-10 

9-00 

Screened  smithy  coal 

9-00 

9-00—9  60 

9-50 

5  5                                5  5 

... 

9-50 

10-00 

10-50 

5  5                                55 

•  *  * 

10-00 

10  50 

10-00 

Double  screened     ... 

... 

10-50 

11-50 

11-00 

Washed  coal  (mixed) 

9-50 

10-00—10-30 

10-00 

Washed  nuts      I. 

. . 

10-00 

11-00— 11-30 

10-50 

„       II. 

1000 

11-00-11-30 

10-50 

„    HI. 

.  •         ...          *  •  • 

9-00 

9-50-  9-80 

9-50 

5,          IV. 

8-00 

8-50—  8-80 

8-50 

Unwashed  nuts  above  30  millimetres   . . . 

. . 

7-50 

— 

— 

5,      up  to 

6  00 

— 

— 

Coking  coal 

6-50 

7-00  -  9  00 

7-00 

Washed  smudge     ... 

. , 

5-00 

— 

6-00 

Unwashed  ,, 

4-00 

— 

5-00 

Washed  peas 

7  00 

7-50 

7-50 

,,           50  millimetres 

6-00 

7-00 

6  -50 

Slurry  or  fine  duff 

•• 

4-00 

5-00 

4-00 
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II.-  Gas  Coals. 


Description  of  < 


Gas  coal  (unscreened) 
Generator  coal 
Fire  coal 

,, 
Engine  coal 
Partially  screened  gas  coal 

5  5  55  55 

Double  screened  ,, 

Washed  gas  nuts      I. 

n.     ... 
in.     ... 

iv. 
v 

55  55  *    • 

Unwashed  gas  nuts     I.    ... 
II.    ... 

HI.  .. 
IV.  ... 
Gas  pea  coal  0-60  millimetres     I. 


0-30 
0-15 

Screened  small  coal 

Washed  small  coal 

Smudge 

Slurry  or  fine  duff 


II. 
III. 


Old 

Standard 

PriceB. 


M. 

10-00 

9-50 

8-75 

7*75 

8*25 

10-00 

10-50 

11-00 

10-50 

10-50 

9-50 

8-50 

7-00 

10-00 

10-00 

9  00 


00 
00 
50 
■50 
•50 
•00 
00 
00 


Actual  Selling 

Prices  for 

1897-9& 


M. 
1000     10-50 
9-75-10-25 
9-25—  9-50 

8-75 

8-75—  9-25 

10-00-10-50 

11-0)— 11-50 

11-50— 12-50 

10-75—11-00 

10-75     11-00 

9-75-10-25 

8-75—  9-00 

7*25—  7-50 

11  -00-12  00 

11-00-  11-50 

9-00 

7-75 

7-00-7-50 

6-50—7-00 

6-00-6-50 

5-00—5-25 

5-50—6  00 

7-50 
4-50—5-00 


New 

Standard 
Prices. 


M. 

10  00 
9-75 
9-25 
8-25 
8-75 

10-50 
11-00 
11-50 

11  00 
11-00 
10-00 

9-00 
7-50 
10-50 
10-50 
9-00 
7-50 
7-50 
7-00 
6  00 
5-00 
5-50 
7-50 
4-00 


III. 

—Forge,  Steam  and  Dry 

Coals 

Description  of  Coals. 

Steam  Coals. 

Dry  Coals. 

Old 

Stand- 
ard 

Actual  Selling 
Prices  for 

New 
Stand- 
ard 

Old 

Stand- 
ard 

Actual  Selling 
Prices. 

New 
Stand- 
ard 

Prices. 

loy7-ao. 

Prices. 

Prices. 

Prices. 

M.                   M. 

M. 

M. 

M. 

M. 

Screenings 

4-50           5-50 

5-00 

3-50 

4-50 

4-00 

Through  and  through 

6-50     6-50—7-00 

7-00 

6-50 

6*75 

6-75 

Coal  with  20  per  cent. 

of  lumps 

7-00     7-50-8-00 

7-50 

7-00 

7-50 

7-50 

Coal  with  30  per  cent. 

of  lumps 

8-00     8-00-8-50 

8  00 

7-50 

8-00 

8-00 

Coal  with  50  per  cent. 

of  lumps 

9-00          9v0 

9-50 

8-50 

9-00 

9  00 

Round  coal 

11-00    1100—11-50 

11-00 

10-50 

1100—1300* 

11-00 

Cobbles 

— 

11-00 

11-50-13-50* 

1 1  -50 

VV  ashed  cobbles 

— 

12-50 

1250— 14-50* 

13-00 

Washed  nuts      I. 

12  00    1200-1300 

12-00 

13  00 

1300-1500* 

13-50 

„       II.       •• 

11-50    1200-1300 

12-00 

13-00 

1300—1500* 

13-50 

„     HI.       - 

9-00          10-00 

9-50 

9-50 

10-50-1200* 

10-00 

„    iv.     ... 

7-50     8-50-9  00 

7-50 

7-50 

8-00—  8-25 

8-00 
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IV.— Steam   Coals. 


Description  of  Coals. 


Screenings  ... 

Through  and  through 

Coal  with  20  per  cent,  of  lumps 
5?  «j0  ,,  ,, 

5  5  oU  ,,  , , 

60  to  70,,  „       . 

Round  coal    I. 

II 

Washed  nuts     I.    ... 

II 

HI 

IV 


Old 

Standard 

Trices. 


M. 

4-50 

6-50 

7-00 

8-00 

9-00 

9-50 

10-50 

10-00 

11-5) 

11-03 

9-00 

8-00 


Actual  Selling 
Prices. 


M. 

5-50 
6-50—  7-00 
7-50—  8-00 
8-00-  8-50 

9-50 

11-50 

11-00 
12-00     13-00 
12-00—13-00 

10-00 
8-50-  9-00 


New 

Standard 

Pricts. 


M. 

5-00 

7-00 

7-50 

8-50 

9-50 

10-00 

11-00 

10-50 

12-00 

12-00 

9-50 

8-50 


V.— Semi-dry  Coals. 


Screenings  ... 

Coal  with  20  per  cent,  of  lumps 
25 

,  ,  4.1J  ,  ,  ,  , 

5,  35  ,,  ,, 

, ,  **0  5  5  5  5 

Best  mixed  coal  with  60  per  cent,  of  lumps 

55  5?  >d  55  55 

Cobbles        ..  ...         ...         

Washed  nuts  I.       ...         

„     II 

„   n& 

Unwashed  nuts  III.,  10  to  20  millimetres 
Washed  nuts  IV.,  5  to  15  millimetres .. . 

Nut  slack    ...         

Smudge 

Slurry  or  fine  duff 


6-50 

7-0) 

7-50 

8-00 

8-50 

9-50 

10-00 

12-00 

11-00 

10-50 

9-00 

6-50 

7-00 

5-00 

4-00 

2-00 


6 

7 

7-50 

8-00 

8-75 

9-75 

10 

12 

12 

12 

10-00 

7 

7 

5 

4 

3 


•75 

6-75 

•25 

7"25 

-  7-75 

7-75 

-  8-25 

8-25 

-  9-00 

9-00 

-10-00 

10-00 

•75 

10-50 

•50 

12-00 

•00 

12-00 

•50 

12-00 

—11  00 

10-00 

00 

7-00 

•00 

7'50 

•50 

5-00 

•50 

4-50 

•00 

2-00 

VI.— Dry  Coals. 


Through  and  through       

Coal  with  20  per  cent,  of  lumps 
25 

,,  OO  ,,  ,, 

5  5  **°  5  5  5  5 

Best  coal  with  60  per  cent,  of  lumps    . . . 

55  1°  55  55 

Cobbles        

Unwashed  nuts  III. 

„     IV 

Washed  nuts  III. ,  4  to  20  millimetres  . . 
,,  IV.,  5  to  15  ,, 

Nut  slack    ...         

Smudge        ..  

Washed  smudge     

Slurry  or  fine  duff... 

Washed  anthracite  nuts  I.  

::      ?ri.  ::: 


6-50 

7-00 

7-50 

8-00 

8-50 

9-50 

10-00 

12-00 

6-00 

6-00 

6-50 

6-50 

5-00 

3  50 

4-00 

2-00 

15-00 

18-00 

9  00 


6-75 

6-75 

7-25 

7  25 

7-50-  7-75 

7-75 

8-00—  8-25 

8-25 

8-75—  9  00 

9-00 

9-75—1000 

10-00 

10-75 

1050 

12  50 

12-00 

7-00 

7  00 

6-00—  7-00 

6-50 

5-50 

5-00 

4  50 

4-00 

3  00 

2-00 

17-00 

16*00 

19-50 

19  00 

10-00— 11  00 

10  00 
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The  President  (Mr.  W.  FT.  Chambers),  in  moving  a  vote  of  thanks 

to  Mr.  Walker  for  his  paper,  remarked  that  the  circumstances  in  which 
the  syndicate  could  work  in  the  Westphalian  coal-field  were  by  no  mean- 
parallel  with  those  with  which  they  had  to  deal  in  Yorkshire.  He 
thought  that  the  attitude  of  the  public  would  be  different ;  they  would 
be  opposed  to  any  similar  association  being  instituted  in  this  country, 
and  Parliament  might  be  inclined  to  interfere  with  it  as  tending  to  the 
restriction  of  trade.  Capital  in  foreign  countries  was  much  freer  in 
this  respect  than  in  our  own  country,  largely  owing  to  the  greater 
difficulty  in  obtaining  it  for  such  purposes.  Competition  in  West- 
phalia was  limited  to  a  greater  extent  than  elsewhere,  as  the  coal-fields 
of  Saarbriicken,  Upper  Silesia  and  Lower  Silesia  were  the  only  com- 
petitors. The  subject  most  interesting  to  the  members  was  the 
improvement  which  the  owners  of  Westphalian  collieries  had  been  able 
to  make  in  the  selling  price  of  coal,  owing  to  the  washing  and  sizing 
of  the  coal.  Although  the  coal  was  inferior,  the  owners  had  been  able 
in  many  districts  to  substitute  their  washed  coal  for  coal  from  this 
country. 

Mr.  Harold  Bonser  (Leeds)  remarked  that  the  underground  work- 
ings of  Westphalian  collieries  did  not  compare  favourably  with  British 
collieries.  The  tender  nature  of  the  Westphalian  coal  necessitated 
special  treatment,  and,  at  the  collieries  in  the  neighbourhood  of  Essen,  the 
arrangements  of  the  surface-plant  were  admirable.  The  Germans  were 
quick  to  perceive  the  necessity  of  utilizing  their  resources  by  making  the 
coal  into  coke,  and  utilizing  the  tar  and  other  constituents,  including 
potassium  cyanide,  which  was  worth  9d.  per  ton  of  coal  calcined.  They 
almost  monopolized  the  trade  in  that  chemical,  which  had  superseded 
mercury  in  gold-recovery  processes.  A  waste  occurred  at  present,  from 
throwing  coal-slack  into  the  gob  ;  and  that  coal-slack  was  better  than 
the  best  Westphalian  coal. 

Mr.  C.  C.  Ellison  (Monckton  Main  colliery)  said  that  the  owners  of 
new  collieries  which  had  been  sunk  in  this  country,  and  which  were 
cheaply  worked,  might  be  adverse  to  joining  a  syndicate  owing  to  the 
restriction  it  might  impose  to  the  expansion  of  their  output.  He, 
however,  thought  that  the  enhanced  value  of  the  produce  would  make 
up  for  this  loss.  He  believed  that  the  influence  of  such  syndicates  on 
trade  would  prevent  the  selling  price  from  being  subject  to  fluctuations  ; 
thus  every  manufacturer  in  Westphalia  knew  what  he  was  going  to  pay 
for  his  coal  for  at  least  12  months,  and  those  competing  in  foreign  markets 
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were  certain  of  being  able  to  carry  out  their  contracts  without  loss. 
The  various  savings  resulting  from  the  working  of  a  syndicate  would 
•enable  prices  to  be  so  regulated  that,  while  giving  a  proper  return  on 
capital,  collieries  would  be  able  to  sell  in  foreign  markets  with  such  a 
margin  as  would  enable  them  to  meet  all  competitors  without  unduly 
reducing  prices.  Further,  a  syndicate  would  enable  a  more  regular  rate  of 
wages  to  be  paid,  owring  to  a  remunerative  selling-price  being  maintained. 

Mr.  J.  Xevin  (Mirfield),  referring  to  the  tables,  remarked  that  the 
syndicate  seemed  to  have  apportioned  a  larger  output  than  they  could 
find  a  market  for. 

Mr.  T.  W.  H.  Mitchell  (Barnsley)  thought  that  a  most  im- 
portant lesson  w7as  to  be  learnt  from  the  tables,  showing  the  number  of 
varieties  and  sizes  of  coal,  and  the  various  prices  obtained.  The  mem- 
bers would  notice,  in  nearly  every  instance,  that  where  round  coal 
reached,  say,  10'50  to  11  marks,  washed  nuts  became  more  valuable 
than  round  coal.  The  paper  showed  that  mining-engineers  should  devote 
more  attention  to  the  screening  and  cleaning  of  coal,  and  thus  the  only 
coal  sold  below  the  actual  cost  of  working  would  be  the  very  small  dust. 
A  paper  upon  the  screening  and  cleaning  of  coal,  showing  what  prices 
could  be  obtained  for  the  various  sizes  of  coal,  would  be  of  great  benefit 
and  interest  to  the  members.  In  Yorkshire,  they  were  satisfied  with 
60  to  75  per  cent,  of  round  coal,  and  the  nuts  and  slack  were  sold  below 
their  actual  value,  because  these  had  not  been  treated  as  they  should 
be  to  constitute  a  better  quality  of  coal,  and  the  consumer  did  not 
know  the  value  of  smaller  sized  coals. 

Mr.  H.  B.  Nash  (Barnsley)  said  that  Mr.  Walker's  paper  showed 
that  the  difference  in  selling-price  between  washed  and  unwashed  coal  was 
Gd.  per  ton,  and  the  members  should  consider  whether  they  could  erect 
a  washing-apparatus,  wash  the  coal,  redeem  their  capital,  sell  the 
cleaned  material  in  Great  Britain,  and  make  a  profit  out  of  the  enhanced 
price  of  6d.  per  ton.  He  thought  that  there  were  so  many  coal-producing 
centres  competing  with  one  another,  and  able  to  produce  10  to  15  per 
cent,  more  coal  than  consumption  required,  that  a  syndicate  would  not  be 
beneficial,  as  in  times  of  bad  trade  the  cost  of  production  (owing  to  reduced 
outputs)  would  exceed  any  benefit  obtained  from  the  increased  selling-price 
of  the  reduced  output. 

Mr.  E.  W.  Thirkell  (Oaks  collieries)  remarked  that  Mr.  Walker's 
paper  was  a  commercial  rather  than  a  practical  treatise,  but  certain  con- 
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siderations  arose  our  of  it  which  had  a  practical  bearing.  One  was  the 
enhanced  value  of  the  coal  produced  by  better  treatment,  and  the  other 
arose  from  the  syndicate  having  the  sales  in  their  own  hands  for  a  certain 
period,  whereby  the  owners  were  safe  from  any  stoppage  of  the  collieries 
through  any  action  of  the  men  in  view  of  an  advance  of  wages.  He  had 
pleasure  in  seconding  the  motion  that  the  thanks  of  the  members  be 
given  to  Mr.  Walker  for  his  paper. 

.Mr.  H.  St.  John  Durnford  (Ackton  Hall  colliery)  wrote  that 
a  federation  regulating  the  sale  of  coal  in  Great  Britain  would  be 
desirable,  but  he  feared,  as  British  markets  for  coal  were  so  widely 
spread  and  shipping  ports  so  numerous,  that  a  workable  scheme  would  be 
an  impossibility.  He  understood  that  the  chief  manufacturing-districts 
of  Germany  could  be  economically  supplied  from  the  Westphalian  coal- 
field alone,  and  the  tonnage  sent  outside  of  the  district  is  not  large. 

The  President  thought  that  the  special  usefulness  of  the  paper  to 
the  members  was  to  draw  their  attention  particularly  to  the  treatment  of 
coal.  Mr.  Walker's  paper  illustrated  very  forcibly  how  the  prices  and 
the  suitability  of  the  fuel  for  the  purpose  for  which  it  was  required  were 
attained  by  proper  sizing,  cleaning  and  treatment  of  the  coal  after  it  was 
wrought. 

The  motion  was  carried. 
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CHESTERFIELD   AND   MIDLAND   COUNTIES  INSTITUTION 

OF  ENGINEERS; 

AND 

MIDLAND   INSTITUTE   OF  MINING,  CIVIL  AND 
MECHANICAL  ENGINEERS. 


JOINT  MEETING, 

Held  in  the  Rooms  of  the  Literary  and  Philosophical  Society, 

Sheffield,  March  24th,  1899. 


Mr.   W.  D.  HOLFORD,  President  of  the  Chesterfield  and  Midland 
Counties  Institution  of  Engineers,  in  the  Chair. 


The  following  gentlemen,  having  been  previously  nominated,  were 
elected  members  of  the  Midland  Institute  of  Mining,  Civil  and 
Mechanical  Engineers  : — 

Members  — 

Mr.  Joseph  Elstob,  Assistant  Colliery  Manager,  Beech  Grove,  Whitwood, 

Normanton. 
Mr.    Joshua   Carneli.ey    Lodge,    Colliery   Owner,    Ryhill    Main   Colliery, 

Barnsley. 


Mr.  George  Spencer  read  the  following  paper  on  "The  Application 
of  Liquefied  Carbonic  Acid  Gas  to  Underground  Fires  "  : — 


MyUKKIED  CARBONIC  ACID  GAS.  2<>i 


THE  APPLICATION  OF  LIQUEFIED  CARBONIC  ACID  GAS 
TO  UNDERGROUND  FIRES. 


By  GEORGE  SPENCER. 


Several  years  ago,  in  studying  the  best  methods  of  extinguishing  gob- 
fires,  the  writer  conceived  the  idea  that  if  a  gas  in  itself  non- combustible 
and  not  supporting  combustion  could  be  obtained  in  any  required 
quantity  at  a  cheap  rate,  and  this  ideal  gas  be  applied  to  any  fire,  it 
would  prove  to  be  a  convenient  way  of  extinguishing  gob-fires.  About 
the  same  time,  liquefied  carbon  dioxide  came  under  his  notice,  con- 
sequently he  decided  to  give  it  a  trial,  and  the  opportunity  came  sooner 
than  he  desired. 

At  a  colliery  with  which  the  writer  was  connected  a  fire  occurred  in  a 
heading,  as  the  result  of  a  fall  of  roof  and  sides  on  steam-pipes.  The 
heading  was  built  off  with  as  little  delay  as  possible,  but  notwithstanding 
all  efforts  to  shut  out  the  air,  sufficient  reached  the  seat  of  fire  to  keep 
it  burning  slowly.  It  was  therefore  decided  to  apply  carbon  dioxide,  and 
for  this  purpose  six  cylinders  of  liquefied  gas  were  connected  in  the 
manner  described  hereafter,  and  the  contents  discharged  through  a  hole  in 
one  of  the  stoppings.  From  a  distant  stopping  it  was  ascertained  that 
the  gas  had  diffused  throughout  the  headings ;  from  that  time  the  heat 
abated,  and  no  trouble  whatever  was  subsequently  experienced. 

Liquefied  carbon  dioxide  is  supplied  in  drawn  steel  cylinders  of  three 
sizes,  namely,  B  size,  containing  20  lbs.  ;  C  size,  containing  30  lbs.  ;  and 
I)  size,  containing  30  lbs.  The  gas  is  collected  from  the  fermentation- 
vats  of  breweries,  and  liquefied  by  means  of  pressure  assisted  by  low 
temperature.  The  writer  found  the  C  size  convenient  for  use,  but  the 
smaller  size  would  be  found  more  suitable  for  application  in  confined 
places. 

The  C  size,  when  empty,  weighs  about  00  lbs  ,  and  measures  43 
inches  in  height  by  7  inches  in  diameter.  The  bottom  is  made  concave, 
like  an  ordinary  bottle,  and  the  top  is  drawn  to  a  neck,  in  which  a  screw- 
plug  is  fitted.  A  detached  coupling  is  supplied  to  screw  to  the  neck,  by 
means  of  which  the  screw-plug  is  turned  on  or  off,  and  the  escape  of  gas 
regulated. 
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The  pressure  of  the  gas  in  the  cylinders  varies  according  to  the 
temperature.  If,  for  instance,  the  cylinder  and  its  contents  have  a 
temperature  of  32°  Fahr.,  the  corresponding  pressure  will  be  509  lbs.  per 
square  inch  ;  with  50°,  the  corresponding  pressure  is  664  lbs.  per  square 
inch  ;  at  68°,  840  lbs.  ;  and  at  86°,  1,065  lbs. 

One  pound  of  the  liquid  will  produce  8  cubic  feet  of  carbon  dioxide  at 
atmospheric  pressure  and  temperature.  The  temperature  of  the  escaping 
gas  is,  however,  much  below  freezing-point,  which  is  a  great  advantage  in 
cooling  down  the  heated  mass  after  extinction.  Any  number  of  cylinders 
may  be  connected  to  a  main  pipe,  to  give  a  continuous  flow  or  a  large 
quantity.  The  writer  has  connected  six  cylinders  at  one  time  to  a  2 
inches  pipe,  with  f  inch  branches  placed  at  intervals  of  1  foot.  The 
cylinders  may  be  placed  upright  and  connected  to  the  §  inch  branches  by 
short  pieces  of  flexible  tube,  and  from  the  end  of  the  main  pipe  a  flexible 
tube  of  larger  diameter  may  be  carried  to  any  desired  point.  By  means 
of  a  small  tap  at  each  branch,  the  connexion  between  the  branch  and  the 
corresponding  cylinder  may  be  closed  and  another  substituted  as 
required.  The  whole  series  of  cylinders,  therefore,  is  under  perfect 
control,  and  a  continuous  flow  of  gas  is  readily  maintained. 

The  liquid  carbon  dioxide  costs  2d.  per  lb.,  delivered  in  quantities  of 
not  less  than  300  lbs.,  or  10  cylinders  of  C  size. 

According  to  Dr.  F.  Clowes,*  air  containing  15  per  cent,  of  carbon 
dioxide  will  extinguish  flame,  and  probably  the  same  mixture  will  fail  to 
support  the  combustion  of  the  material  usually  met  with  in  underground 
fires.  To  extinguish  a  fire  (whether  above  or  belowground),  all  that  is 
necessary  is  to  keep  it  immersed  in  a  bath  of  an  extinctive  mixture  of 
the  above  proportions,  for  a  length  of  time  sufficient  to  allow  the  mass  to 
cool  down.  Such  a  mixture  may  be  obtained  by  means  of  liquefied 
carbon  dioxide  at  a  cost  of  Id.  per  cubic  yard,  exclusive  of  labour.  It 
must,  however,  be  borne  in  mind  that  in  practice  a  large  amount  of 
carbon  dioxide  is  given  off  from  a  burning  mass,  so  that  the  figures 
quoted  may  be  regarded  as  the  maximum  in  estimating  the  cost  of  the 
process. 

The  rate  of  discharge  of  the  gas  varies  greatly  according  to  the 
surrounding  temperature.  During  evaporation,  intense  cold  is  produced, 
and  the  valves  are  partly  closed  by  the  frozen  gas.  To  increase  the  rate 
of  discharge,  the  cylinders  are  sometimes  laid  on  their  side,  and  the 
liquid  gas  slowly  discharged  into  the  pipe.  In  some  cases,  a  jet  of  steam 
may  be  directed  upon  the  valve  of  the  cylinder,  so  as  to  prevent  the 

*  Trams.  Inst.  M.E.,  1894,  vol.  vii.,  page  420. 


DISCUSSION — LIQUEFIED  CARBONIC  ACID  GAS.  207 

formation  of  solid  carbon  dioxide  and  to  accelerate  the  discharge  of  the 
Lr;i^.  The  cylinder  may  also  be  immersed  in  a  hot-water  bath,  but  care 
Bhonld  be  taken  not  to  apply  too  much  heat  to  the  cylinder  itself,  as  the 
pressure  increases  rapidly  with  the  rise  of  temperature. 

In  applying  liquefied  carbon  dioxide  to  extinguish  gob-fires,  the 
writer  considers  that,  where  circumstances  will  permit,  water  would 
greatly  assist  in  cooling  down  the  heated  mass,  owing  to  its  great  specific 
heat,  and  if  the  situation  be  such  that  the  water  can  be  evaporated  into 
b  team. 

It  is  not  claimed  that  the  method  described  can  be  successfully 
applied  to  all  fires,  but  there  are  undoubtedly  many  cases  which  might 
be  so  treated.  .  In  case  of  fire  on  shipboard,  the  use  of  this  gas  would  no 
doubt  prove  invaluable,  as  it  could  be  quickly  applied,  and  would  not 
cause  the  same  damage  to  cargoes  as  water. 


Mr.  M.  H.  Mills  (Mansfield)  remarked  that  a  fall  of  roof  and  sides 
(as  mentioned  in  the  paper)  would  not  cause  fire  if  it  fell  on  a  steam- 
pipe.  Carbonic  acid  gas  would  be  dangerous  to  use  in  the  mines.  Mr. 
Spencer  had  brought  a  most  important  matter  before  the  members,  and 
if  this  gas  could  be  utilized  in  the  form  of  spray  or  in  some  other  way  it 
would  be  useful  and  valuable. 

Mr.  A.  S.  Douglas  (Hucknall  Torkard)  said  that  if  Mr.  Spencer's 
suggestion  could  be  adopted  and  the  fire  kept  immersed  in  a  bath  of  the 
gaseous  mixture  until  it  cooled  down,  they  would  soon  put  an  end  to 
gob-fires.  Unfortunately,  although  they  might  close  off  the  place  and 
pack  it  round  so  as  to  shut  off  air,  yet  there  was  always  sufficient 
leakage  of  air  to  keep  the  fire  burning.  He  knew  of  a  fire  which  had 
been  burning  for  5  years.  A  pipe  was  placed  in  a  stopping,  and  the  gas 
which  issued  would  extinguish  a  safety-lamp.  In  this  place,  which  was 
not  exactly  goaf,  the  resulting  gases  were  able  to  extinguish  flame,  but 
they  did  not  extinguish  the  gob-fire.  Prof.  Vivian  Lewes  had  analysed 
the  gases  from  a  gob-fire  :  he  found  that  every  100  parts  of  gas  con- 
tained carbon  dioxide,  13*15  ;  carbon  monoxide,  4'00  ;  oxygen,  131  ; 
nitrogen,  76'44 ;  and  hydrocarbon  gases,  5*10  ;  and  he  thought  that  the 
1'81  per  cent,  of  oxygen  was  enough  to  keep  a  gob-fire  alive.  He  (Mr. 
Douglas)  did  not  believe  that  the  injection  of  carbonic  acid  would 
extinguish  a  gob-fire.  On  shipboard  it  might  be  usefully  employed, 
but  he  did  not  see  how  they  could  safely  and  efficiently  apply  it  in  a 
pit  to  extinguish  underground  fires. 
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Mr.  Geo.  Spencer  said  that,  when  the  fall  occurred,  sufficient  heat  was 
generated  from  the  coal  and  the  steam-pipes  to  cause  fire.  There  was  no 
danger  in  using  carbonic  acid  gas,  as  the  volume  of  gas  was  not  great.  He 
did  not  agree  with  Mr.  Douglas  that  it  was  impossible  to  extinguish  a 
gob-fire  by  injecting  carbonic  acid  gas.  If  the  gas  were  applied  on  the 
intake  side  of  the  fire  there  was  a  possibility  of  the  fire  being  put  out. 

Mr.  W.  H.  Chambers  said  that  unfortunately  he  had  a  gob-fire  in 
one  of  the  pits  with  which  he  was  connected,  and  for  the  last  16  years  he 
had  had  an  average  of  one  a  year.  Recently,  a  fall  occurred  when  they 
were  working  at  a  fire,  and  the  liberated  gas  passed  over  a  fire,  whose 
existence  was  previously  unknown  and  caused  an  explosion  which  resulted 
in  two  workmen  being  so  seriously  burnt  that  they  died  from  their 
injuries.  There  was  great  difficulty  in  dealing  with  fires,  as  they  always 
originated  in  the  broken  strata  of  the  goaf,  where  air  was  freely 
admitted  through  the  fissures.  When  air  could  get  through  a  fallen  goaf, 
but  not  in  sufficient  quantities  to  cool  down  and  carry  away  the  heat 
which  was  given  off  during  the  oxidation  of  combustible  matter,  the 
fire  gradually  got  into  a  state  of  incandescence,  and  afterwards  began 
to  burn.  It  would  be  very  difficult  to  confine  carbon  dioxide  in  such 
areas.  One  fire  had  been  walled  round  by  brickwork  and  by  wax- 
walls  (as  was  practised  in  Warwickshire  and  Leicestershire),  but  all 
these  palliatives  had  always  proved  ineffectual.  Many  years  ago,  the 
use  of  carbon  dioxide  was  tried  in  the  Parkgate  coal-seam,  in  the 
Rotherham  district,  but  although  the  district  was  filled  for  several 
months  with  this  gas,  when  the  experiment  was  suspended  and  air  was 
re-admitted,  combustion  started  again  as  vigorously  as  before.  -It  was 
found  that  the  combustible  matter  remained  as  it  was  before  the  gas 
was  applied,  and  the  condition  of  the  fire  was  just  the  same  after  the 
gas  was  removed  as  it  was  before.  He  should  be  very  glad  if  some  means 
could  be  devised  of  applying  carbonic  acid  gas,  so  as  to  stop  combus- 
tion for  such  a  time  that  the  material  might  cool  down  ;  but  it  seemed 
to  him  that  the  conditions  under  which  the  fire  originated  would 
remain,  and  after  the  restraining  gas  was  withdrawn,  when  air  was 
re-admitted,  the  fire  would  burst  out.  Where  there  was  a  bad  roof  and 
open  breaks,  there  was  nothing  so  effectual  as  isolating  the  fire  with 
roads,  to  reduce  the  temperature  as  much  as  possible,  and  to  dig  out  the 
red-hot  material. 

Mr.  A.  H.  Stokes  (H.M.  Inspector  of  Mines)  agreed  with  the  lust, 
paragraph,  in  which  the  writer  stated  that  there  were  undoubtedly  cas 
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in  which  the  method  would  be  of  value  ;  but  he  thought  that  in  other 
a  ii  would  probably  do  more  harm  than  good.  A  lire  in  a  heading 
could  be  dealt  with  by  erecting  a  stopping,  and  allowing  it  to  become 
gradually  deadened  by  its  own  gases.  The  best  remedy  for  an  under- 
ground fire  was  to  dig'  out  the  red-hot  material,  if  possible  ;  for  if  it 
were  isolated  by  brick-walls  or  clay-walls,  or  sand,  the  source  of  heat 
was  only  buried  and  would  probably  burst  out  again  at  some  future 
date.  In  the  case  of  a  fire  in  a  roadway,  which  they  could  not  get  at,  a 
bottle  or  two  of  carbonic  acid  might  extinguish  the  flame,  until  they 
could  dig  it  out.  There  were  cases  in  which  it  could  be  used,  but 
it  might  cause  danger,  if  they  had  life  on  the  other  side,  in  the  return 
air,  as  they  wTould  be  filling  the  atmosphere  with  irrespirable  gases. 

Mr.  H.  B.  Nash  (Barnsley)  said  that  it  was  almost  impossible  to 
extinguish  an  underground  fire,  unless  the  fire  could  be  drowned  or  dug- 
out. 

Mr  Geo.  Spencer  said  that  he  fully  recognized  the  difficulties  of 
applying  the  method  to  the  cases  quoted  by  Mr.  Chambers.  It  was 
not  sufficient  to  arrest  combustion,  which  this  gas  wTould  do,  but  the 
heat  must  be  removed.  It  would  not  be  applicable  in  every  case,  but 
if  the  fire  was  immersed  in  a  bath  of  carbonic  acid,  the  heat  might  be 
got  rid  of  afterwards.  It  would  be  idle  to  propose  that  this  gas  should 
be  applied  in  such  quantities  as  to  remove  all  the  heat  in  the  imprisoned 
fire,  as  it  would  be  too  costly. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Spencer  for  his  paper. 

Mr.  W.  H.  Chambers,  in  seconding  the  vote  of  thanks,  said  that  the 
subject  was  one  which  demanded  close  attention,  and  the  members  were 
indebted  to  Mr.  Spencer  for  his  suggestions. 

The  resolution  was  carried. 

DISCUSSION  ON  MR.  G.  L.  KERR'S  PAPER  ON  "TIMBERING 
AND  SUPPORTING  UNDERGROUND  WORKINGS."* 

Mi-.  A.  H.  Stokes  (H.M.  Inspector  of  Mines)  said  that  the  question 
of  timbering  and  falls  of  roof  ought  to  command  the  attention  of  every 
member,  as  a  large  percentage  of  the  deaths  in  mines  occurred  from 
falls.  Sometimes  a  working-place  was  found  with  a  long  distance  of 
unsupported  roof,  which  the  stallman  said  was  as  safe  as  his  bedroom ; 
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and  that  occasionally  was  the  place  where  an  accident  occurred.  If  each 
manager  made  a  Special  Rule  that  props  or  bars  should  not  exceed  a 
certain  distance  apart  (which  would  vary  in  every  mine),  it  would 
reduce  the  list  of  deaths  from  falls.  A  rule  was  in  force  in  the  Midland 
mines- inspection  district  that  a  man  should  not  withdraw  a  prop  except 
by  a  ringer-and-chain ;  and  he  never  could  understand  why  workmen 
should  try  to  remove  props,  on  which  the  roof  was  resting,  by  standing 
under  such  roof  and  striking  the  props  with  a  hammer,  instead  of 
drawing  it  in  safety  by  means  of  the  ringer-and-chain.  The  rule  should 
be  strictly  enforced  in  every  working-place,  that  timber  with  weight 
upon  it  should  be  withdrawn  only  by  the  ringer-and-chain.  It  should 
also  be  an  invariable  rule  that  men  who  were  sent  to  repair  or  rip 
a  road  should,  before  anything  was  touched,  set  middle  or  catch- 
props  in  the  roadway,  so  that  in  case  of  a  fall  the  man  would  have 
a  chance  of  escape. 

Mr.  H.  B.  Nash  (Barnsley)  said  that,  if  the  workmen  would  comply 
with  the  Coal-mines  Regulation  Acts  and  carry  out  the  instructions 
given  to  them  by  the  officials,  one  half  of  the  accidents  which  happened 
would  be  prevented.  No  colliery -official  would  ask  a  workman  to  take 
out  a  pi'op  without  ordering  him  to  use  the  dog-and-chain  or  ringer- 
and-chain,  and  to  protect  himself  by  setting  liner-props  nearer  the 
face  before  beginning  to  take  out  the  others,  so  that  should  a  fall  occur 
it  could  not  extend  in  his  direction.  It  was  an  universal  rule  to  tell 
men  most  carefully,  whenever  they  went  into  a  roadway,  to  renew 
bars,  etc.,  to  set  middle-props  before  they  took  out  one.  The  instruc- 
tions given  by  colliery-managers  agreed  with  Mr.  Stokes'  recom- 
mendations, but  there  was  difficulty  in  inducing  workmen  to  comply  with 
official  instructions. 

Mr.  A.  H.  Stokfs  said  that  the  rules  might  be  enforced  by  better 
supervision,  carried  out  methodically,  and  if  a  man  was  caught  in  a 
breach  of  rule  he  should  be  dealt  with  by  the  authorities.  Middle-props 
should  be  set,  not  only  when  taking  out  bars  but  also  when  ripping 
roadways  (where  there  were  no  bars  whatever),  so  that  the  roof  should 
not  come  down  farther  than  was  anticipated.  There  was  a  difference 
between  an  instruction  and  a  Special  Rule:  there  was  no  penal  punishment 
for  non-compliance  with  instructions,  but  for  breach  of  a  Special  Rule 
the  man  could  be  taken  before  the  magistrates.  He  suggested  that  such 
instructions  might  be  embodied  in  a  Special  Rule,  so  as  to  give  the 
manager  and  officials  power  to  enforce  them, 
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Mr.  W.  II.  Ohambbbs  said  that, at  the  collieries  under  his  charge,  he 
had  bye-laws  providing  that  the  distance  between  props  should  not 
62  tvd  3  feet  in  any  direction.  At  most  collieries,  ringers-atid- chains 
were  provided  for  the  removal  of  timber,  but  the  difficulty  was  to  make 
the  men  use  them.  They  could  not  enforce  a  hard-and-fast-rule  that  all 
props  must  be  withdrawn  with  the  ringer-and- chain,  but  the  men  were 
required  to  use  them  as  much  as  possible.  In  a  case  at  the  Nunnery 
colliery,  a  deputy  spent  some  time  in  a  place  seeing-  that  a  bar  was  set, 
to  make  the  place  secure  for  the  men  to  go  on  with  their  work  ;  but 
when  he  left  the  place  a  filler  knocked  it  out,  filled  his  coal,  the  roof  fell 
on  the  top  of  him,  and  he  obtained  compensation.  Every  care  was  taken 
as  to  timbering  in  the  roads  by  appointing  a  chargeman  with  every  gang 
of  men,  to  see  that  props  and  bars  were  set  when  wanted,  so  that  they 
were  protected  in  their  work. 

Mr.  A.  H.  Stokes  said  that  he  did  not  suggest  that  there  should  be 
one  Special  Rule  fixing  an  uniform  distance  for  the  United  Kingdom, 
but  that  every  manager  should  fix  the  distance  applicable  to  each  seam 
in  the  mines  under  his  charge,  to  be  enforced  by  a  Special  Rule.  The 
Act  said  that  Special  Rules  should  be  framed  for  the  conduct  and 
guidance  of  the  workmen,  and  it  was  their  own  fault  if  they  were  not 
properly  drawn  up. 

Mr.  George  L.  Kerr  (Glasgow)  wrote  that  he  agreed  with  Mr.  A.  H. 
Stokes  in  his  remarks  both  as  to  props  being  set  at  certain  specified 
distances  apart,  and  also  as  to  the  drawing  of  timber  in  pillar-workings. 
Safety  could  be  secured  without  further  Acts  of  Parliament  by  a  stricter 
enforcement  of  those  now  in  force.  The  firemen  or  deputies  ought  to  have 
power  to  compel  the  workmen,  under  a  penalty,  to  set  props  at  specified 
distances  apart,  whether  the  roof  be  good  or  not.  At  the  present  time, 
the  workmen  were  left  almost  entirely  to  their  own  discretion  as  to  the 
setting  of  timber,  and  were  under  no  penalty  for  not  setting  props  at  the 
proper  time  and  place.  While  he  was  against  the  timbering  in  the 
walls  being  set  by  deputies,  the  workmen  at  the  face  ought  to  be  strictly 
supervised  in  this  department  of  work,  either  by  deputies  or  firemen. 
In  the  mines  of  Scotland,  where  pillar-working  is  customary,  it  may 
surprise  members  to  hear  that  the  whole  of  the  timber  is  withdrawn  by 
striking  it  out  with  hammers,  and  he  (Mr.  Kerr)  was  not  aware  of  a 
single  colliery  that  used  any  special  apparatus,  such  as  a  ringer-and-chain. 
He  recommended  that  the  removal  of  props  in  pillar-workings  should  be 
carried  out  by  a  special  class  of  men,  and  not  by  the  collier,  as  it  required 


212  DISCUSSION — TIMBERING  UNDERGROUND  WORKINGS. 

some  skill  and  was  dangerous,  especially  when  the  props  were  taken  out 
by  a  hammer.  The  rule  adopted  at  the  collieries  referred  to  by  Mr.  W.  H. 
Chambers  seemed  to  be  in  the  right  direction  ;  but  it  would  be  difficult 
to  make  any  hard-and-fast  Special  Eule  applicable  to  all  collieries,  as 
the  conditions  of  roof  and  sides  varied  so  much  in  different  parts  of  the 
country. 

The  Chairman  said  that  at  present  too  much  responsibility  was 
thrown  upon  managers  and  too  little  upon  the  workmen. 


The  following  paper  on  "  The  Safety  of  Modern  Mining  Explosives, 
with  Special  Reference  to  Methods  of  Testing,"  by  Mr.  L.  T.  O'Shea, 
was  read  : — 
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THE    SAFETY   OF   MODERN   MINING    EXPLOSIVES,    WITH 
SPECIAL  REFERENCE  TO  METHODS  OF  TESTING. 


By  L.  T.  O'SHEA. 


Iii  testing  explosives  for  safety  in  coal-mines  the  object  should  be  not 
only  to  determine  the  relative  safety  of  the  explosives  that  are  placed  at 
the  disposal  of  the  mining  industry,  but  also,  if  possible,  to  determine  the 
conditions  upon  which  the  safety  depends.  Once  these  conditions  are 
established,  not  only  will  mining-engineers  have  a  means  of  deciding 
what  explosives  to  use,  but  manufacturers  especially  will  have  some 
means  to  guide  them  in  their  endeavours  to  produce  explosives  suitable 
for  mining  purposes. 

At  present,  however,  the  exact  conditions  are  unknown,  and  there 
appears  but  little  disposition  in  Great  Britain  to  assist  in  solving  the 
question,  but  on  the  Continent  experiments  of  a  more  or  less  systematic 
character  have  been  and  are  being  carried  out.  The  subject  is  of  con- 
siderable importance  to  the  coal-mining  industry,  especially  in  view  of 
recent  legislation,  and  the  writer  feels  that  no  apology  is  necessary  for 
introducing  it  to  the  notice  of  the  members.  Before  discussing  the 
actual  methods  of  testing  that  are  in  practice,  it  is  advisable  to  consider 
the  state  of  knowledge  with  regard  to  the  safety  of  explosives  when  used 
in  explosive  atmospheres,  and  at  the  outset  it  is  necessary  to  define  what 
is  meant  by  the  term  "  safety,"  as  applied  to  explosives  used  in  coal- 
mines. In  the  first  instance,  it  refers  to  the  inability  of  explosives  on 
detonation  to  ignite  the  inflammable  substances  met  with  in  a  mine's 
atmosphere,  and  the  oft-quoted  definition  that  an  absolutely  safe 
explosive  is  one  that  will  not  ignite  the  most  inflammable  mixtures  of  gas 
and  air,  dust  and  air,  or  gas,  dust  and  air,  is,  like  Euclid's  definition  of  a 
point,  purely  ideal.  It  is  highly  improbable  that  a  body,  possessing 
properties  which  at  present  characterize  explosives,  will  be  found  to  satisfy 
it.  Consequently,  the  term  "  safe,"  as  applied  to  explosives,  can  only 
be  taken  as  relative,  and  the  safest  explosive  is  that  which,  under  the 
most  dangerous  conditions  of  ordinary  working,  shows  the  least  tendency 
to  ignite  dust  or  gas. 

With  the  object  of  arriving  at  some  conclusion  as  to  the  present 
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knowledge  of  the  conditions  that  determine  the  relative  safety  of 
explosives,  it  is  proposed  to  discuss  the  results  of  recent  experiments. 
It  must,  however,  be  confessed  that  our  knowledge  is  very  imperfect  in 
spite  of  the  vast  amount  of  work  that  has  been  done  ;  but,  although  the 
results  are  in  many  cases  so  conflicting  that  it  may  seem  hopeless  to 
reconcile  them,  still  some  important  facts  have  been  established,  from 
which  it  is  believed  that  it  may  be  possible  to  arrive  at  the  best  method 
to  be  adopted  for  testing  explosives. 

It  is  not  necessary  to  discuss  the  relative  merits  of  gunpowder  and 
high  explosives.  The  experiments  in  Great  Britain  and  on  the  Continent 
have  so  fully  established  the  danger  attending  the  use  of  the  former  in 
dusty  and  fiery  mines  that  it  is  assumed  that  mining-engineers  are 
agreed  as  to  the  advisability  of  restricting  its  use,  and  consequently  the 
following  remarks  only  apply  to  high  explosives  fired  by  detonation. 

With  respect  to  early  experiments  on  the  relative  safety  of  low 
and  high  explosives,  the  Prussian  Commission  concluded  that  all  low 
explosives  were  dangerous  ani  all  high  explosives  safe.  Later  experi- 
ments in  Germany,  and  especially  the  results  of  the  French  Commission 
on  the  use  of  explosives  in  mines,*  showed  these  conclusions  regarding 
high  explosives  to  be  erroneous. 

The  work  of  the  French  Commission  is  of  the  highest  importance, 
as  it  was  a  serious  attempt  to  establish  on  scientific  principles  an  enquiry 
into  the  conditions  which  determine  the  safety  of  explosives.  The 
results  have  been  so  often  quoted  that  they  are  wellknown,  still  they  are 
so  important  that  it  is  necessary  to  refer  to  them  here.  The  method  of 
experimenting  permitted  the  comparison  of  the  heat  developed  by  the 
detonation  of  an  explosive  with  that  required  by  theory,  and  by  using 
such  simple  explosives  as  nitro-glycerine,  dynamite,  blasting-gelatine, 
gun-cotton,  and  various  mixtures  of  these  with  certain  nitrates  and 
other  substances,  the  fact  was  established  that  provided  complete 
detonation  took  place  the  heat  actually  developed  corresponded  with  that 
calculated  by  theory.  It  was,  therefore,  possible  to  calculate  the 
maximum  temperature  produced  by  the  detonation  of  an  explosive  whose 
chemical  constituents  were  known,  on  the  assumption  that  the  gases 
were  generated  under  constant  volume,  and  that  the  specific  heat  of  the 
gases  increased  with  the  temperature  according  to  certain  laws  established 
by  Messrs.  E.  Mallard  and  Le  Chatelier. 

Report  of  tfu  French  Commission  on  the  Use  of  Explosives  in  the  Presence  of 
Fire-damp  in  Mints,  translated  by  Messrs.  W.  J.  Bird  and  M.  Walton  Brown, 
and  published  by  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers. 
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This  led  to  tin- result  that  the  temperature  of  ignition  of  fire-damp 

under  the  influence  of  an  explosive  fired  by  detonation  was  apparently 
much  higher  than  750°  Cent.  (1,382°  Fahr.),  which  is  approximately  the 
temperature  of  ignition  in  air  under  the  influence  of  a  steady  flame.  It 
was  found  that  50  grammes  (1*76  ounces)  of  dynamite,  whose  temperature 

of  detonation  is  2,940°  Cent.  (5,324°  Fahr.)  would  ignite  fire-damp  when 
tired  freely  suspended  in  an  atmosphere  containing  10'3  per  cent,  of  that 
gas,  but  the  same  weight  enclosed  in  a  metallic  tube  0*41  inch  thick  would 
not.  In  this  case,  the  temperature  of  the  gases  was  reduced  to  2,150° 
Cent.  (3  902°  Fahr.)  owing  to  the  energy  absorbed  in  fracturing  the  tube. 
Ignition,  however,  took  place  if  the  enclosing  tube  was  0'2  inch  thick 
when  the  temperature  of  the  gases  wTas  2,280°  Cent.  (4,136°  Fahr.),  and 
it  was  concluded  that  the  apparent  temperature  of  ignition  of  fire-damp 
under  the  influence  of  a  detonated  explosive  was  between  these  two 
temperatures,  namely,  about  2,200°  Cent.  (3,992°  Fahr.),  and  this  result 
has  been  generally  accepted  as  correct  It  was  therefore  concluded  by 
the  French  Commission  that  the  temperature  of  detonation  was  the 
condition  controlling  the  safety  of  an  explosive,  and  that  this 
temperature  should  be  below  2,200°  Cent.  (3,992°  Fahr.).  Tins  opinion 
led  to  mixing  of  explosives  with  substances  which  would  reduce  the 
temperature  of  detonation,  and  of  the  substances  used  ammonium 
nitrate,  originally  proposed  by  Dr.  Sprengel  some  years  before,  was  found 
most  suitable.  Exp?riments,  however,  with  mixtures  of  ammonium 
nitrate  with  dynamite  and  with  gun-cotton  led  the  French  Commission 
to  the  conclusion   that  it  was  not   sufficient   for   the   temperature  of 

Table  I. 


Explosive. 

Ammonium 
Nitrate. 

Temperature 

of 
Detonation. 

Weight 

of 
Charge. 

Fire-damp 
in  Atmo- 
sphere. 

No.  of 
Shots 
Fired. 

No.  of 
Ignitio.is. 

Per  Cent 

Cent.  Degs. 

Ounces. 

Per  Cent. 

Dynamite  (75  per  cent. )  . . 

o 

2,940 

1-76 

7-0 

2 

2 

1-76 

8-7 

3 

3 

1-76 

10-3 

4 

4 

Dynamite  (75  per  cent, )  . . 

50 

2,000 

1-76 

10-3 

4 

2 

Dynamite  (75  per  cent.)  .. 

80 

1,500 

1-76 

103 

2 

0 

3-53 

103 

4 

0 

7-06 

10-3 

4 

0 

Gun-cotton  (octonitric)... 

0 

2,064 

1-00 

61 

1 

1 

1-00 

7-0 

1 

1 

1-00 

8-7 

3 

3 

0-98 

9-6 

2 

2 

1-00 

10-3 

1 

1 

Gun-cotton 

80 

1,930 

1-76 

10-3 

8 

0 

3-53 

10-3 

7 

1 

7-06 

10  3 

2 

2 

Dinitro-benzene  ... 

85 

2,120 

1-76 

10-3 

8 

0 

3-53 

103 

2 

1 
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detonation  to  be  simply  below  2,200°  Cent.  (3,092°  Fahr.)  and  that 
safety  could  not  be  ensured  until  the  temperature  fell  to  1,500°  Cent. 
(2,732°  Fahr.),  or  at  least  to  1,900°  Cent.  (3,452°  Fahr.). 

It  is  impossible  to  quote  largely  from  the  numerous  experiments 
made  by  the  French  Commission,  but  Table  I.  will  serve  to  explain 
the  character  of  the  results. 

Similar  results  were  obtained  with  other  mixtures,  but  these  serve 
to  show  that  apparently  the  safety  increases  as  the  temperature  of 
detonation  falls. 

So  satisfied  were  the  French  authorities  with  the  main  results  that 
they  framed  their  legislation  regarding  the  use  of  explosives  in  mines 
upon  them,  and  it  was  decreed  that  in  gaseous  or  dusty  mines  all 
explosives  were  forbidden,  other  than  detonating  explosives,  complying 
with  the  following  conditions  : — 

1.  The  products  of  their  detonation  should  not  contain  any  com- 
bustible matter,  such  as  hydrogen,  carbon  monoxide,  solid  carbon,  etc. 

2.  Their  temperature  of  detonation  [calculated  according  to  specified 

rules] should  not  exceed   1,900°  Cent,   for  explosives 

used   in    stone-work,    nor    1,500°   Cent,   for   those   employed   in   coal- 
getting.* 

The  theory  that  the  temperature  of  detonation  is  the  controlling 
influence  in  determining  the  safety  of  explosives  is  a  fascinating  one, 
and  a  priori  there  is  much  to  be  said  in  its  favour.  There  is  no  doubt 
that  combustible  mixtures  cannot  be  ignited  till  their  temperature  of 
ignition  is  reached,  and  it  is  natural  to  suppose  that  the  temperature  of 
the  gases  escaping  from  the  shot-hole  should  largely  determine  this 
ignition. 

A  perusal  of  the  results  of  the  experiments  obtained  by  the  French 
Commission  show  that  they  are  generally  in  agreement  with  this  theory  ; 
but  it  must  be  remembered  that  the  explosives  used  were  compara- 
tively simple  ones,  and  composed  for  the  most  part  of  bodies  whose 
heats  of  formation  and  modes  of  decomposition  are  wellknown.  But  it 
seems  to  the  writer  doubtful  whether  the  temperatures  calculated  on 
theoretical  considerations  for  the  complex  mixtures  that  to-day  are 
used  in  the  manufactures  of  explosives  can  possibly  be  accurate.  Wood- 
meal,  rye-flour,  resin,  and  similar  substances  largely  enter  into  their 
composition  ;  the  heats  of  formation  of  these  bodies  are  not  accurately 
known,   and   even    if    they    were,   the   chemical   equations   which   are 

*  Report  of  the  French  Commission  on  the  Use  of  Explosires  in  the  Presence  of 
Fire-damp  in  Mines,  translated  by  Messrs.  W.  J.  Bird  and  M.  Walton  Brown, 
and  published  by  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers,  page  162. 
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supposed  bo  represent  the  decompositions  from  which  the  temperatures 
of  detonation  are  calculated  are  so  complicated  that  grave  doubts  must 
exisl  as  to  the  accuracy  of  the  numbers. 

The  temperatures  of  detonation  of  a  certain  number  of  explosives 


is  given  in  Table  II. 


Table  II.— Calculated  Temperatures  of  Detonation. 


Teinpe 

rature. 

Temperature. 

Degs. 

Degs. 

Degs. 

I  >ega. 

< lent . 

Falir. 

Cent. 

Falir. 

Nitro-glycerine 

3,150 

5,702 

Coal-carbonite  I. 

1,868 

3,394 

Blasting-gelatine 

3,090 

5,594 

Carbonite 

1,845 

3,353 

( relatine-dynamite 

Coal-carbonite  II. 

1,821 

3,310 

(gelignite) 

2,984 

5,403 

Westphalite  ... 

1,806 

3/283 

Dynamite       (75      per 

Cologne      Rottweiller 

cent. )          

2,940 

5,324 

safety-explosive  ... 

1,774 

3,225 

Bellite  No.  1 

2,124 

3,855 

Bellite  No.  3 

1,689 

3,072 

Dahnienite  A. 

2,064 

3,747 

Roburite  I.     ... 

1,616 

2,941 

Wetter-dynamite 

1,970 

3,578 

Ammonium  nitrate  ... 

1,130 

2,066 

But  apart  from  the  uncertainty  which  attaches  to  these  temperatures 
for  the  explosives  of  more  complicated  composition,  results  obtained  in 
Germany  seem  to  show  that  the  temperature  of  detonation  is  not  the 
sole  condition  that  controls  the  safety  of  the  explosive.  If  this  wrere 
so,  then  the  weight  of  the  explosive  fired  would  have  no  influence  in 
bringing  about  ignition,  for  the  temperature  of  detonation  is  constant 
for  all  weights,  and  provided  it  were  sufficiently  low,  1  ounce  or  20  ounces 
should  be  equally  safe.  Mr.  Lohmann*  found  that  the  early  conclusions 
of  the  Prussian  Commission  regarding  the  safety  of  high  explosives  were 
not  so  certain  if  the  weight  of  explosive  used  was  increased,  and 
subsequently  he  proved  that  100  grammes  (3*53  ounces)  of  dynamite 
and  gelatine-dynamite  would  invariably  ignite  dust  and  gas. 

Later,  Mr.  Winkhaus,t  as  the  result  of  his  experiments  at  Schalke, 
proved  that  for  each  explosive  there  is  a  maximum  weight  that  can  be 
used  with  safety,  which  cannot  be  exceeded  without  greatly  increasing 
the  danger  of  igniting  explosive  mixtures.  The  weight  decreases  as  the 
percentage  of  gas  increases.  Table  III.  shows  the  minimum  weight 
of  explosives  which,  under  the  conditions  of  experiment  in  the  testing- 
station  at  Schalke,  would  produce  ignition  of  various  mixtures  of  gas 
and  dust. 

Since  the  publication  of  these  results,  Mr.  Heise  has  continued  the 
investigation   under   slightly   different  conditions,  and    has    completely 

*-  Zeitechrift  fur  das  Berg-  Il'utten-  und  ScUinenwesen,  vol.  xxxv.,  pages  271  and 
352. 

fTran.s.  Inst.  M.E.y  vol.   ix.,  page  250;  and  Gluckauf,  1894,  page  1651,    and 
1895,  pages  559,  577,  and  597. 
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Table  III.— Minimum  Weight  of  Explosive  in  Ounces  producing 
Ignition  (Mr.   Winkhaus). 


Explosive. 

2}  Per 
Cent. 

Ounces. 

Pit-gas. 

9  Per 

Cent. 

Dust. 

6  to  7 
Per  Cent. 

Ounces. 

8  Per 

Cent. 

Alone. 

+  6  to  7 

Per  Cent. 

of  Gas. 

Ounces. 

Ounces. 

Ounces. 

Ouncos. 

Blasting-gelatine 

2  65 

1-76 

1-33 

0-35 

5-3 

1-58 

Dynamite 

2-65 

2-05 

— 

— 

— 

1-06 

*Stonite 

3  92 

2-86 

— 

— 

— 

— 

fRobnrite 

5-36 

2-40 

— 

— 

— 

4-59 

JRobnrite  No.  1 

— 

-  — 

14-12 

8-82 

21*88  N 

21-88 

§Wetter-dynamite 

7  05 

5-43 

— 

— 

— 

1-08 

liWestphalite  ... 

10-58 

8-85 

— 

— 

— 

8-82 

^[New  westplialite 

— 

— 

17-65 

5-30 

21-18 

21-18N 

**Dahmenite 

12-35 

8-85 

— 

— 

— 

8-82 

ffDahmenite  A 

— 

— 

14-12 

3-53 

194 

17  65 

+  +Progressite    ... 

14-11 

19-4 

— 

■ — 

— 

19-76 

§§Carbonite 

15-88  N 

21-17  N 

21-18N 

21-18  N 

35-3  N 

29-64  N 

N  =  Non-ignition,  the  experiments  not  being  continued  beyond  these  weights. 

*  Nitro  glyceriae,  68;  kieselguhr,  17;  potassium  nitrate,  10'5;  rye-meal,  3'5;  and  soot,  1. 

t  Dinitro-benzene,   17'8;    ammonium  nitrate,   79  2 ;    ammonium    chloride    and  sulphate,   0'3;    and 
moisture,  27. 

X  Dinitro-benzene,  7 '4;  ammonium  nitrate,  88'2;   and  manganese  dioxide  and  potassium  perman- 
ganate, 4  "4. 

§  N'itro-glycerine,  529;  magnesium  sulphate,  32  7;  and  kieselguhr,  14'4. 

II  Ammonium  nitrate,  91;  resin,  54;  ammonium  chloride,  0'i;  and  ammonium  sulphate,  0'4. 

IT  Ammonium  nitrate,  89  6  ;  resin,  5;  and  potassium  bichromate,  4'9. 

Naphthalene,  4'8;  ammonium  nitrate,  93'3 ;  potassium  chlorate,  1'6;  ammonium  chloride,  01;  and 
ammonium  sulphate,  0'2. 

tt  Naphthalene,  45  ;  ammonium  nitrate,  92'9  ;  and  potassium  bichromate.  2'6. 

XX  Aniline  hydrochloride,  47;  ammonium  nitrate,  891;  and  ammonium  sulphate,  6. 

§j  Nitroglycerine,  25;  potassium  nitrate,  34;  rye-meal,  38'5;   wood-meal,  1;  barium  nitrate,  1;  aud 
sodium  carbonate,  0'5. 


confirmed  Mr.  Winkhaus's  conclusions.  In  Table  IV.  is  given  the 
minimum  weights  of  explosive  producing  ignition,  at  least  once  in  five 
consecutive  shots,  of  various  mixtures  of  dust  and  gas. 

The  explosives  were  tested  in  weights  gradually  increasing  by 
50  grammes  (1*76  ounces),  and  the  weights  given  are  176  ounces 
heavier  than  the  weight  which  did  not  ignite  the  mixture  in  five  con- 
secutive shots. 

The  fact  that  there  is  a  certain  weight  that  determines  ignition  is  a 
very  serious  objection  to  the  theory  of  the  French  Commission.  In 
Table  V.  is  made  a  comparison  between  the  calculated  temperatures  of 
detonation  and  the  minimum  weight  producing  ignition  of  dust  with 
8  per  cent,  of  pit-gas. 

There  does  appear  to  be  an  increase  in  the  limiting-charge  of  safety 
with  decrease  in  the  temperature  of  detonation  in  the  case  of  the  nitro- 
glycerine explosives,  but  amongst  the  ammonium-nitrate  explosives  this 
is  by  no  means  so.  Dahmenite  A,  whose  temperature  of  detonation  is 
apparently  the  highest  (2,064°  Cent,  or  3,747°  Fahr.),  shows  the  least 
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Table  IV.     Minimum  Weight  of  Explosives  in  Ounces  producing 

Ignition  (Mr.  Heise). 


Expl 

Dust. 

+  21.  Per 

+  65  Per 

+  8  Per 

+  9  Per 

Alone. 

('(•ill .  of 

<  lent,  of 

Gent,  of 

(!en(.  of 

I 'it-gas. 

Pit.gas. 

Pit-gas. 

Pit-gas. 

*  Gelatine -dynamite 

2-12 

1-09 

0-28 

tCarbonite  ... 

28-24N 

28-24N 

— 

31-77N 

31-77N 

|(  larbonite  No.  I.  ... 

— 

— 

— 

25-6N 

— 

§Carbonite  No.  II. 

— 

— 

— 

25-94N 

— 

||Cologne-Rottweiler  safetv- 

explosive 

21-18N 

21-18 

17-65 

8-82 

— 

1  Roburite     ... 

14-12 

12-35N 

12-35N 

12-35 

_._ 

Roburite     ... 

17-65 

19-41 

17-65 

— 

— 

ttDahmenite  A 

21-18N 

21-18 

17-65 

17-65 

— 

£  J  Victoria  powder  ... 

— 

— 

— 

24-71N 

— 

^Westphalite 

21-18 

21-18N 

17-65 

12-35 

— 

N  =  Non-ignition,  the  experiments  not  being  continued  beyond  these  weights 

*  Nitro-glycerine,  62'5;  nitro-cotton,  2'5 ;  sodium  nitrate,  255 ;  vvood-m.-al,  8  73;  and  sodium 
carbonate,  075. 

■f  Nitro-glycerine,  25;  potassium  nitrate,  34;  wheat-meal,  38'5  ;  tan,  1  ;  barium  nitrate  1;  and  sodium 
carbonate,  0'5. 

X  Nitro-glycerine,  25;  sodium  nitrate  30'5;  meal,  37;  potassium  bichromate,  5;  and  water,  2'5. 

§  Nitro-glycerine,  30;  sodium  carbonate,  24"5  ;  meal,  38;  potassium  bichromate,  5;  and  water,  2'5. 

II  Ammonium  nitrate,  92'5;  sulphuretted  oil,  6'3;  barium  nitrate,  0'8;  and  moisture,  04. 

•I  Dinitro-benzene,  71;  ammonium  nitrate,  88'3;  potassium  permanganate,  41;  and  moisture  0'3. 

**  Dinitro-benzene,  7;  ammonium  nitrate,  87 '5;  ammonium  sulphate,  5;  and  potassium  permanga- 
nate, 0'5. 

t^  Naphthalene,  6'48;  ammonium  nitrate.  91'3;  and  potassium  bichromate,  2'22. 

Jt  Granulated  dahmenite  A. 

§§  Ammonium  nitrate,  91;  potassium  nitrate,  4;  and  resin,  5. 


Table  V. 


Minimum 

Minimum 

Nitro-glycerine 

Temperature 

Weight 

Ammonium  Nitrate 

Temperature 

Weight 

Explosives. 

of  J>etonation. 

producing 
Ignition. 

Explosives. 

of  DetoDation. 

producing 
Ignition. 

Degs.       Deg«. 

Ounces. 

Degs. 

Degs. 

Ounces. 

Cent. 

Fahr. 

Cent. 

Fahr. 

Celatine-dynamite 

2,934 

5,403 

0-28 

Dahmenite  A 

2,0li4 

3,747 

17  65 

Dynamite  (75  per 

,,           gran- 

cent.)   . . . 

2,940 

5,324 

0-24 

ulated  ... 

2,064 

3,747 

24-65N 

Carbonite  I. 

1  868 

3,394 

25-6    N 

Westphalite 

1,806 

3,283 

12  35 

Carbonite 

1,845 

3,353 

31 -77  N  J 

Cologne- Rottweiler 

1,774 

3,225 

8-82 

Carbonite  II. 

1,821 

3,310 

25-94  N 

Roburite ... 

1,616 

2,941 

12-35 

N  =  Non-ignition,  the  experiments  not  being  continued  beyond  these  weights. 

tendency  to  ignite  the  explosive  mixture,  while  westphalite  is  equally 
as  safe  as  roburite,  notwithstanding  that  its  temperature  of  detonation 
is  190°  Cent.  (342°  Fahr.)  higher,  and  Cologne-Rottweiler  safety-powder 
is  apparently  the  least  safe. 

It  is  interesting  to  note  the  effect  of  granulation  on  the  safety  of 
dahmenite  A,  which  had  raised  the  limiting  charge  from  17*o5  ounces 
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with  ignition  to  24'65  ounces  without  ignition.  This  will  be  discussed 
later,  and  for  the  present  it  suffices  to  point  out  that,  although  the  same 
temperature  of  detonation  is  given  to  both  explosives,  it  is  by  no  means 
proved  that  it  is  correct  to  do  so.  Whether  it  is  the  same  or  not  will 
depend  on  the  course  of  the  chemical  decomposition,  and  only  if  this  is 
the  same  in  both  explosives  will  identical  numbers  represent  the  tem- 
peratures of  detonation.  It  is  also  important  to  note  that  in  France 
the  three  carbonites  and  all  the  ammonium-nitrate  explosives  given  in 
Table  V.  would  be  forbidden  for  use  in  coal,  whilst  dahmenite  A  would 
be  absolutely  forbidden  in  coal-mines,  notwithstanding  that  it  apparently 
possesses  a  high  degree  of  safety. 

But  this  theory  must  not  be  condemned  too  hastily,  for  Mr.  Wink- 
haus*  has  shown  that  the  safety  of  any  explosive  is  increased  by  so 
altering  its  composition  that  its  temperature  of  detonation  is  reduced. 
For  instance,  by  taking  various  mixtures  of  dinitro-benzene  and 
ammonium   nitrate    (bellite)    the   results    shown    in    Table   VI.    were 

obtained. 

Table  VI. 


Temperature  of  Detonation. 

Composition. 

Weight  Igniting. 

Ammonium 

Dinitro- 

Dust  and  7  Per 

Nitrate. 

benzene. 

Per  Cent . 

Cent,  of  Pit-gas. 

Dega.  Cent. 

Degs.  Falir. 

Per  Cent. 

Ounces. 

Ounces. 

2,200 

3,992 

83 

17 

7-93 

1-76 

2,047 

3,717 

86 

14 

10-58 

3-53 

1,870 

3,398 

89 

11 

17-64 

5-29 

1,696 

3,085 

92 

8 

17  64  N 

12-35 

1,482 

2,700 

95i 

41 

17-64  N 

17-64 

The  introduction  into  roburite  of  4  per  cent,  of  potassium  perman- 
ganate (Table  III.)  has  raised  the  limiting-charge  igniting  dust  with 
7  per  cent,  of  pit-gas  from  4*59  to  21*88  ounces,  while  the  effect  of 
replacing  1*0  per  cent,  of  potassium  chlorate  in  dahmenite  by  2  6  per 
cent,  of  potassium  bichromate  is  to  raise  the  weight  from  8'82  to 
17*65  ounces  The  action  of  substances  such  as  potassium  bichromate 
and  potassium  permanganate  is  doubtless  to  absorb  some  of  the  heat 
generated  by  the  explosion,  and  so  reduce  the  temperature  of  detonation  ; 
but  at  the  same  these  alterations  in  composition  affect  the  blasting 
efficiency  of  the  explosives  themselves,  and  one  must  enquire  how  this 
affects  the  safety. 

The  Austrian  Commission  concluded  from  its  experiments  that  the 

*  Trans.  Inst.  M.E.,  vol.  x.,  page  337. 
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Bafety  of  an  explosive  is  in  the  inverse  ratio  to  the  force  it  exerts.  This 
is  contrary  to  the  opinion  that  was  held  by  the  Prussian  Commission, 

that  the  quicker  an  explosive  the  safer  it  is.  Quite  recently,  Mr.  Ileise* 
has  obtained  results  which  seem  to  confirm  the  conclusions  of  the 
Austrian  Commission,  and  on  them  bases  a  theory  that  the  safety  of  an 
explosive  depends  on  its  shattering  power.  The  shattering  power 
depends  on  the  pressure  developed  in  the  shot-hole  and  on  the  time 
occupied  by  the  decomposition  :  it  increases  as  the  pressure  increases  and 
the  time  decreases.  Hence,  for  the  same  pressure  developed  the  greater 
shattering  power  is  possessed  by  the  quicker  explosive.  Mr.  Heise's 
theory  is  that  the  safety  varies  inversely  as  the  shattering  power,  or  the 
slower  the  explosive  the  safer  it  is. 

Attention  has  been  drawn  to  the  marked  increase  in  the  safety  of 
dahmenite  A  (Table  IV.)  by  granulation,  and  the  same  effect  is  produced 
by  granulating  roburite,  for  whereas  12*35  ounces  of  ordinary  roburite 
ignited  dust  with  7  per  cent,  of  pit-gas  (Table  IV.),  21"18  ounces  of  the 
same  explosive,  specially  granulated,  failed  to  do  so.  This  improvement, 
Mr.  Heise  states,  is  due  to  a  reduction  in  the  shattering  power,  which 
he  believes  he  can  determine  by  a  modification  of  the  usual  Trauzl 
method  for  determining  the  strength  in  leaden  blocks. 

Instead  of  firing  fixed  weights  of  10  grammes,  he  takes  weights  of 
explosives  corresponding  to  2,500  kilogrammetres  of  work,  as  calculated 
from  the  theoretical  amount  of  energy  which  the  explosive  is  capable  of 
exerting,  and  in  place  of  confining  the  charge  closely  in  the  leaden 
blocks,  so  that  the  total  energy  can  be  spent  in  enlarging  the  cavity, 
he  simply  covers  the  charge  with  50  cubic  centimetres  of  dry  sand,  and 

Table  VII. 


Strength 

Shattering 

Limiting- 

determined 

Power 

charge  of 

with  10 

Weight  equal  to 

corresponding 

Safety  in 

Dusty 

Atmosphere 

Explosive. 

Grammes 

2,500  Kilog 

rammetres 

to  these 

Explosive, 

of  Wor 

Weights, 

Carbonite 
being  100. 

Carbonite 
being  100. 

containing 
8  Per  Cent, 
of  Pit-gas. 

Grammes. 

Ounces. 

Ounces. 

Carbonite 

100-0 

10-82 

0-382 

1000 

31-77  N 

Carbonite  I. 

112-2 

10-46 

0-369 

105-5 

25-60  N 

Carbonite  II.    ... 

1194 

10-78 

0-380 

121-8 

25-90  N 

Cologne-Rottweiler    . . . 

166-0 

9-40 

0-331 

143  0 

8-82 

Dahmenite  A   . . . 

230  0 

7-33 

0-258 

137-3 

17-65 

, ,           granulated 

164  1 

7-33 

0-258 

109-0 

24-71  N 

Roburite  I. 

155-8 

11-36 

0  401 

157*9 

12-35 

Westphalite     

188-8 

9-12 

0-321 

157-9 

12-35 

N  signifies  non-ignition,  and  that  the  explosive  was  not  tested  beyond  this  weight. 

QliicJcauf,  1898,  pages  657,  684,  709,  and  721. 
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the  enlargement  thus  obtained  he  believes  is  a  measure  of  the  shattering 
power.  In  Table  VI T.  are  given  (1)  the  strength  as  determined  by 
using  10  grammes  of  each  explosive  ;  (2)  the  shattering  power  as 
determined  by  Mr.  Heise's  modified  method  (in  both  cases  the  strength 
of  carbonite  is  taken  as  100)  ;  and  (3)  the  limiting-charge  of  safety 
as  determined  by  Mr.  Heise  for  dust  with  8  per  cent,  of  pit-gas. 

There  is  a  remarkable  agreement  between  the  numbers  in  the  two  last 
columns  of  Table  VII.  The  increase  in  shattering  power  is  followed 
by  the  same  order  in  the  decrease  of  safety,  with  one  exception.  The 
explanation  of  the  connexion  between  the  shattering  power  and  safety 
offered  by  Mr.  Heise  is  as  follows : — The  sudden  development  of  pressure 
causing  the  shattering  effect  produces  a  wave  of  compression  in  the 
surrounding  atmosphere,  under  which  the  gases  become  heated ;  and  the 
greater  the  compression  the  higher  the  temperature  of  the  atmosphere  is 
raised.  The  compression  will  be  greater  the  more  sudden  the  develop- 
ment of  the  pressure ;  that  is,  the  more  rapid  the  decomposition  or  the 
greater  the  shattering  power.  And  Mr.  Heise  points  out  that  under  the 
enormous  pressure  produced  by  the  detonation  of  explosives,  it  is  possible 
to  conceive  that  the  temperature  of  the  atmosphere  in  the  compression- 
wave  may  be  raised  to  the  ignition-temperature  of  the  explosive  mixture 
in  the  air,  and  hence  the  firing  of  the  gases  may  take  place  independently 
of  the  temperature  of  detonation. 

It  is  not  the  writer's  intention  to  enter  into  a  lengthy  criticism  of 
this  theory,  which  has  already  been  undertaken  by  Messrs.  Watteyne  and 
Denoel.  *  But  it  must  be  pointed  out  that  if  the  theory  be  correct  the 
safety  of  any  one  explosive  should  decrease  with  the  "  density  of 
charge,"  that  is  the  weight  of  explosive  in  grammes  divided  by  the 
volume  in  cubic  centimetres  that  it  occupies ;  for  the  pressure  developed 
does  not  vary  with  the  weight  of  the  charge,  but  with  its  density, 
hence,  as  the  density  increases  the  safety  should  decrease.  But  if  the 
compression  is  not  sufficient  to  ignite  the  gases,  ignition  will  occur 
if  the  retardation  of  the  ignition  of  fire-damp  is  less  than  the  interval 
required  for  cooling  the  gases  as  they  shoot  out  of  the  shot-hole. 
This  interval  will  be  longer  as  the  temperature  of  the  escaping  gases 
is  higher.  The  temperature  of  the  gases  when  they  come  into  contact 
with  the  explosive  mixture  is  not  equal  to  the  temperature  of 
detonation,  because  (even  assuming  that  the  latter  is  developed  at 
the  moment  of  decomposition)  cooling  takes  place  owing  to  the  energy 
consumed  in  doing  mechanical  work  and  the  heat  absorbed  in  raising  the 

*  Annates  des  Min<s  d<    Bdgique,  vol.  iii.,  page  801. 
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unit  eratnre  of  the  surround  in*?  rocks.     Tlie  amount  of  the  latter  cooling 
effect  is  determined  by  the  time  the  gases  remain  in  contact  with  the 

rocks,  and  this  is  shorter  the  greater  the  velocity  imparted  to  the  escaping 
gases.  This  velocity  is  determined  by  the  initial  pressure  of  the  gases, 
which  also  determines  the  shattering  power.  Now,  assuming  that  two 
•  'xplosives  have  the  same  temperature  of  detonation  and  do  the  same 
amount  of  mechanical  work,  then  the  shattering  power  determines  the 
temperature  of  the  escaping  gases.  But  in  the  case  of  two  explosives 
having  the  same  shattering  power  and  doing  the  same  amount  of  work, 
then  the  temperature  of  detonation  will  determine  the  temperature  of  the 
3es,  so  that  it  appears  probable  that  both  temperature  of  detonation 
and  velocity  of  decomposition  or  shattering  power  exert  an  influence  on 
the  safety  of  an  explosive. 

There  is  another  property  of  explosives  to  which  the  Austrian 
Commission  pay  some  attention,  namely,  the  flame  produced  on 
detonation.  In  the  experiments  carried  out  for  the  Royal  Commission 
on  Accidents  in  Mines,  and  in  the  experiments  of  the  Chesterfield  and 
Midland  Counties  Institution  of  Engineers,  observations  were  made  on 
the  length  of  flame  produced  by  firing  charges  of  gunpowder,  with  the 
result  that  considerable  elongation  in  the  flame  was  caused  by  the 
presence  of  gas  and  dust  ;  and  the  same  conclusions  have  been  arrived  at 
from  the  Report  of  the  Proceedings  of  the  Explosives  Committee  of  the 
North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
on  the  flames  of  high  explosives.  A  summary  of  their  results  is 
presented  in  Table  VIII. 

Table  VIII. 


Weight 
Fired. 

Length  of  Flame. 

Explosive. 

Air. 

4  Per 

Cent,  of 
Coal-gas. 

6  Per 

Cent,  of 
Coal-gas. 

8  Per 

Cent,  of 
Coal-gas. 

10  Per 
Cent,  of 
Coal-gas. 

Bellite          

Ammonite    ... 
Roburite 
Carbonite 
Ardeer  powder 

NVestphalite... 

Ounces. 
1 

U 

2i 
3| 

1* 

Feet. 

16  to  19 
28  to  36 
16tol8 
19  to  28 
16  to  19 

13  to  27 

Feet. 

19 
28  to  45 
28  to  36 
10  to  36 
19to36 

Feet. 
28  to  45 
45  to  62 

45 

28 
10  to  36 

-{ 

Feet. 
I* 
I 
I 
I 
I 
9%  gas 
5 

Feet. 

I 

I 

}- 

*  I  =  Tgnition  in  one  or  more  of  the  experiments,  but  not  necessarily  in  all. 

The  results  shown  in  Table  VIII.  were  obtained  by  direct 
observation,  and  it  is  difficult  to  realize  that  such  small  weights  of 
explosives  could  produce  flames  varying  in  length  from  13  to  30  feet 
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when  fired  into  air.  Mr.  A.  Siersch,  however,  has  applied  photography 
to  obtaining  impressions  of  the  flashes  produced  when  freely-hanging 
car: ridges  and  shots  blown  out  from  a  cannon  are  fired.  His  results 
have  been  presented  to  the  members,  *  and  an  examination  of  the 
reproductions  of  his  photographs  shows  that  explosives  like  dynamite, 
blasting-gelatine,  gelatine-dynamite,  and  gun-cotton,  which  have  been 
universally  condemned  as  dangerous,  give  large  spreading  flames,  whilst 
the  safer  explosives  robnrite,  carbonite,  westphalite,  progressite,  etc., 
give  smaller  and  less  spreading  flames.  Now,  it  seems  reasonable  to 
suppose  that  the  larger  the  flame  the  longer  it  will  last,  and  the  larger  the 
amount  of  gas  or  dust  with  which  it  will  come  into  contact,  and  hence 
the  greater  the  ease  with  which  ignition  will  be  brought  about.  It  is, 
therefore,  possible  to  conceive  that  a  large  flame  of  low  temperature  lasting 
for  a  long  time  may  produce  ignition,  whereas  a  small  and  considerably 
hotter  flame  lasting  for  a  comparatively  short  time  may  not  :  for  the 
ignition  of  the  gas  depends  on  the  interval  occupied  in  the  cooling  of  the 
gases  as  they  issue  from  the  shot-hole  and  the  retardation  of  the  ignition 
of  fire-damp.  Now,  Mr.  Siersch  shows  that  the  size  of  flame  increases 
with  the  weight  of  charge,  and  hence  it  may  be  that  for  each  explosive 
there  is  a  definite  weight,  the  flame  of  which  lasts  sufficiently  long  to 
exceed  the  interval  of  retardation.  But  what  the  size  of  flame  must  be 
and  the  time  that  it  must  last  seems  to  the  writer  to  depend  on  its 
temperature  and  the  velocity  of  the  gases  as  they  escape  from  the  shot- 
hole.  The  higher  the  temperature  the  shorter  the  time  that  it  needs  to 
exist,  and  the  greater  the  velocity  of  the  gases,  the  less  the  cooling  which 
they  suffer  by  contact  with  the  solid  material  that  is  being  blasted ;  and 
consequently  the  higher  their  temperature  when  they  meet  the  explosive 
mixture,  and  also  the  greater  the  distance  the  flames  will  be  projected 
into  the  explosive  mixture. 

Now,  the  flames  represented  in  the  experiments  are  similar  to  what 
may  be  expected  to  result  from  blown-out  shots,  and  not  to  what  obtains 
in  actual  working  when  the  shot  does  proper  execution.  In  such  cases,  it 
seems  possible  that  the  size  of  the  flame  and  the  velocity  of  the  gases 
will  be  of  equal  importance,  for  with  explosives  giving  small  flames 
probably  all  flame  has  ceased  to  exist  before  the  gases  meet  with  the 
surrounding  atmosphere ;  but  with  explosives  giving  large  flames,  or  in 
which  high  velocity  is,  communicated  to  the  gases  of  decomposition,  it  is 
possible  that  some  flame  will  escape  into  the  atmosphere. 

*  Trans.  Inst.  M.E.,  vol.  xi.,  page  2. 
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From  this  discussion  it  will  be  gathered  how  complex  is  the  question 
of  the  conditions  determining  the  safety  of  explosives.  So  far  it  appears 
that  there  are  at  least  three — the  temperature  of  detonation,  shattering 
power,  and  flame— and  there  may  be  others.  The  French  Commission 
is  satisfied  that  the  temperature  of  detonation  controls  the  safety,  whilst 
the  Prussian  authorities  are  prepared  to  reject  this  conclusion,  and 
rely  on  the  shattering  power  ;  and  the  Austrian  Commission  alone  takes 
into  consideration  all  three  conditions. 

It  has  already  been  stated  that  the  object  of  reviewing  the  results 
of  investigations  on  the  safety  of  high  explosives  is  to  form  a  basis  for 
the  discussion  of  methods  for  testing,  and  as  again  on  this  branch  of  the 
subject  authorities  widely  differ,  it  will  be  advisable  to  refer  briefly  to 
the  most  important  of  the  methods  that  have  been  or  are  being  used. 

Methods  of  Testing. 

(a)  France. — In  France,  the  theoretical  aspect  of  the  question  was 
made  the  basis  of  research,  and  the  Report  of  the  French  Commission  on 
the  Use  of  Explosives  in  the  presence  of  Fire-damp  in  Mines  is  one  of  the 
most  valuable  contributions  on  the  subject.  The  apparatus  consisted  of 
a  closed  steel  boiler  of  about  350  cubic  feet  capacity,  in  which  explosives 
could  be  fired  in  air  alone,  or  in  atmospheres  containing  known  per- 
centages of  marsh  gas  or  coal  gas  up  to  10*3  per  cent.  The  boiler 
was  fitted  with  a  pressure-gauge  for  registering  the  pressure  at  definite 
intervals  after  the  shot  was  fired,  so  that  the  pressure  at  the  moment 
of  explosion  could  be  deduced,  and  from  it  the  heat  evolved  by 
the  decomposition  calculated.  The  cartridges,  generally  weighing  50 
grammes  (T7G  ounces),  were  at  first  suspended  in  the  centre  of  the 
boiler,  but  it  was  determined  that,  unless  the  explosive  was  easily 
susceptible  to  detonation,  incomplete  detonation  took  place  under  these 
conditions,  and  subsequently  the  cartridges  were  enclosed  in  metallic 
tubes  of  known  thickness.  As  a  supply  of  pit  gas  could  not  be  obtained, 
recourse  was  had  to  artificially  prepared  methane.  It  will  be  seen  that 
no  attempt  was  made  to  imitate  working  conditions,  but  many  of  the 
results  obtained  have  had  important  influence  on  the  technology  of 
explosives,  especially  the  conclusions  arrived  at  regarding  the  value  of 
ammonium  nitrate  as  a  constituent  of  safety-explosives,  and  although 
the  main  conclusions  regarding  the  safety  of  explosives  may  not  have 
been  confirmed  by  subsequent  experiments,  such  a  result  as  the  above  is 
sufficient  to  establish  the  value  of  the  French  researches. 

17 
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(b)  Prussia. — The  method  adopted  in  Prussia  imitates  more  closely 
the  conditions  of  actual  working.  Galleries  are  built  of  oval  section  to 
resemble  the  roadway  of  a  mine  ;  at  one  end  is  a  substantial  block  of 
masonry,  in  which  is  embedded  a  cannon,  whilst  the  other  end  remains 
open.  The  galleries  are  fitted  with  safety-valves  for  the  relief  of  the 
pressure  produced  by  the  explosions,  and  sight -holes  for  observation  of 
the  results.  The  cannon  has  a  bore-hole  along  its  axis  to  represent  the 
shot-hole  in  blasting,  and  the  cannon  and  bore-hole  are  of  such  a  size 
that  gradually  increasing  weights  can  be  fired,  in  some  cases  the  weights 
used  amount  to  35  ounces. 

At  present  there  are  two  such  galleries  in  Germany,  one  at  the 
Konig  colliery,  Neunkirchen,  near  Saarbriicken,  which  is  under  the 
control  of  Government  mining-officials,  the  other  at  the  Braubauer 
shaft  of  the  Consolidation  colliery,  near  Gelsenkirchen,  belonging  to  the 
Westphalian  Miners'  Provident  Association. 

The  former  gallery  is  25  metres  (82-02  feet)  long,  and  is  made  of 
elliptical  iron  rings,  to  which  a  timber  lining  is  fastened  ;  the  major  axis, 
which  is  vertical,  measures  1*72  metres  (5*64  feet),  and  the  minor  axis 
1*2  metres  (3*93  feet).  The  sight-holes  are  on  one  side  at  a  height  of 
1*2  metres  (3*93  feet)  from  the  bottom  of  the  gallery.  The  cannon  is 
a  cylinder  750  millimetres  (29*53  inches)  long,  and  495  millimetres 
(19*49  inches)  in  diameter  ;  it  is  composed  of  a  core  of  forged  steel, 
165  millimetres  (6*50  inches)  in  diameter,  on  which  is  shrunk  a  steel 
mantle,  165  millimetres  (650  inches)  thick.  The  bore-hole  is  450  milli- 
metres (17*72  inches)  deep  and  55  millimetres  (2*16  inches)  in  diameter. 
The  cannon  is  inclined,  so  that  its  axis  meets  the  horizontal  axis  of  the 
gallery  at  a  distance  of  5  metres  (16*40  feet)  from  the  face  of  the 
masonry.  A  chamber  for  the  reception  of  explosive  mixtures  is  made 
by  fixing  a  paper-diaphragm  at  such  a  distance  from  the  masonry  block 
that  it  encloses  a  capacity  of  10  cubic  metres  (353  cubic  feet).  The 
gallery  is  almost  completely  buried  on  one  side,  by  being  built  into  the 
side  of  a  pit-heap,  whilst  the  other  side  is  built  up  with  soil  for  about 
one-half  its  height.  The  gas  used  is  obtained  from  a  blower  in  the 
Konig  colliery,  and  the  dust  is  that  obtained  from  the  colliery-screens. 

The  Westphalian  gallery  is  similar  to  that  just  described,  and  a 
full  description  of  it  is  given  in  Mr.  AVinkhaus's  paper  on  Safety- 
Explo>iv(-s.*  It  is  only  necessary,  therefore,  to  point  out  in  what 
respects  it  differs  from  the  gallery  at  Neunkirchen.  In  the  first  place, 
it  is  of  larger  dimensions  ;  its  length  is  35  metres  (115  feet),  its  height 

*  Ti'uk.  In*'.  Af.E,,  vol.  xi. ,  page  250, 
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1*85  metres  (6*07  feet),  and  its  greatest  width  1*85  metres  (4-43  feet). 
The  cannon  is  inclined,  so  that  its  axis  cuts  the  roof  of  the  gallery  at  ;i 
distance  of  10  metres  (32*81  feet)  from  the  face  of  the  masonry.  The 
paper-diaphragm  for  enclosing  the  explosion-chamber  is  fixed  at  a 
distance  of  5*1  metres  (16*73  feet)  from  the  masonry,  and  the  space 
thus  enclosed  is  10  cubic  metres  (353  cubic  feet). 

Since  Mr.  Winkhaus  described  the  gallery,  it  has  been  removed  from 
its  original  site  at  Schalke  to  the  Braubauer  shaft,  Gelsenkirchen  : 
advantage  lias  been  taken  of  this  removal  to  bury  the  gallery  almost 
completely  below  the  surface,  and  now  only  the  safety-valves  and  the 
Bight-holes  are  left  exposed.  A  sort  of  fan  or  agitator  is  fixed  within  the 
explosion-chamber,  for  the  purpose  of  agitating  the  dust  and  ensuring 
the  uniform  mixing  of  the  gas  and  air.  The  gas  used  is  obtained  from 
a  blower  in  the  adjoining  pit,  and  the  dust  is  obtained  by  grinding  the 
coal  and  sieving  it  through  gauze  having  1,200  apertures  per  square 
centimetre. 

(c)  Austria. — The  experiments  are  carried  out  at  two  stations,  one 
at  Miihrisch-Ostrau  and  the  other  at  Segengottes.  These  galleries  are 
similar  in  shape  and  size  to  those  constructed  in  Germany  ;  they  are 
about  164^  feet  long,  and  the  shots  are  fired  in  explosion-chambers 
built  of  masonry  at  one  end  of  the  gallery. 

At  Segengottes,  the  chamber  is  of  106  cubic  feet  capacity,  and  that 
at  Mahrisch-Ostrau  measures  644  cubic  feet.  A  permanent  committee 
has  been  appointed  at  each  station  to  carry  out  experiments,  and  the 
general  plan  is  to  fire  unconfined  cartridges,  either  freely  suspended  in  the 
chamber  or  laid  on  the  floor  ;  in  the  latter  case  they  may  be  covered 
with  tamping  or  coal-dust. 

(d)  Great  Britain. — In  this  country,  the  experiments  recently  carried 
out  are  on  a  much  smaller  scale,  and  no  attempt  is  made  to  imitate 
the  conditions  of  actual  working.  The  experiments  by  Mr.  M.  Walton 
Brown,*  as  well  as  those  reported  on  by  Messrs.  A.  A.  Atkinson, 
M.  Hall,  and  E.  W.  Thirkell,|  were  on  a  more  or  less  practical  scale. 
Jn  both  cases  shots  were  fired  from  mortars  into  cylindrical  boilers 
which  were  comparatively  short.  The  tests,  however,  did  not  deal  with 
the  safety  of  the  explosives  generally.  The  most  important  experiments 
in  this  respect  were  those  carried  out  by  The  North  of  England  Insti- 
tute of  Mining  Engineers  on  so-called  "  flameless  explosives."  The 
methods  of  testing  and  the  apparatus  used  are  so  wellknown  that  a 
lengthy  description  is  unnecessary.     The  gallery  is  circular.  3  feet  in 

*  Trans.  lust.  M.E.,  vol.  ii.,  page  49.  t  Ibid.,  vol.  xi.,  page  294. 
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diameter  and  101  feet  long  ;  in  it  a  paper-partition  can  be  fixed  to 
enclose  an  explosion-chamber  of  a  capacity  of  150  cubic  feet.  The 
cannon  is  movable,  being  mounted  on  a  trolley,  so  that  it  can  be  run 
against  the  closed  end  of  the  gallery  when  charged  for  firing  ;  it  consists 
of  a  cylindrical  steel  block,  4^  feet  long,  18  inches  in  diameter  at  the 
breech  for  a  length  of  18t>  inches,  and  15  inches  in  diameter  for  the 
remainder  of  its  length.  The  bore-hole  drilled  along  the  axis  is 
42|  inches  long  and  lj  inches  in  diameter.  The  cannon  is  inclined,  so 
that  its  axis  would  meet  the  lower  side  of  the  gallery  at  a  distance  of 
38  feet  from  the  firing-end.  The  method  of  testing  consisted  in  firing 
fixed  and  small  weights  of  various  explosives  into  different  mixtures  of 
air  with  pit-gas  and  coal-gas,  with  and  without  dust.  The  weights  used 
were  in  the  inverse  ratio  of  the  strengths  of  the  explosives  as  determined 
by  the  Trauzl  method,  and  varied  from  1  ounce  of  bellite  to  3|  ounces 
of  ardeer  powder.  The  pit-gas  used  was  obtained  from  a  blower  at 
Hebburn  colliery. 

In  1896,  the  Home  Secretary  determined  to  take  up  the  subject  of 
testing  explosives,  and  erected  a  gallery  at  Woolwich,  practically  on  the 
same  lines  as  that  at  Hebburn,  but  on  a  still  smaller  scale.  It  is  fully 
described  in  the  Transactions*  but  no  dimensions  have  been  published. 
It  would  appear,  however,  from  the  official  drawings,  to  be  about  2 \  feet 
in  diameter  and  about  25  feet  long.  The  whole  gallery  has  a  capacity  of 
about  99^  cubic  feet,  and  this  constitutes  the  explosion-chamber.  No 
experiments  are  carried  out  with  dust  in  the  gallery,  but  a  special  chamber 
is  used  for  this  purpose.  It  consists  of  a  cylinder  about  8  or  9  feet  long 
and  about  4  feet  in  diameter,  placed  in  a  vertical  position ;  into  this  dust 
is  blown  by  means  of  a  fan,  and  shots  are  fired  from  a  cannon  buried  in 
the  ground  with  its  axis  vertical.  The  system  of  firing  fixed  weights  of 
explosives  is  adopted,  and  the  test  is  described  as  follows,  in  the  Order  of 
Council  dated  October  8th,  1897  :— 

The  test  will  be  carried  out  for  each  explosive  with  the  size  of  detonator 
recommended  by  the  manufacturer  or  person  submitting  the  explosive,  and  every 
shot  shall  be  fired  electrically.  All  charges  to  be  stemmed  with  9  inches  of  dry 
clay  well  rammed.  Each  shot  to  be  fired  into  a  highly  explosive  mixture  of  coal- 
gas  and  air,  the  gas  being  supplied  from  the  Royal  Arsenal  Gas-works,  t 
The  charges  of  explosives  to  be  fired  will  be  determined  as  follows:  — 
(a)  In  the  case  of  the  explosives  intended  to  be  fired  by  a  detonator,  and 
commonly  called  high  explosives,  the  charge  will  be  taken  as  the  equivalent  of  2 

*  Vol.  xiii.,  page  612.. 

+  The  mixture  of  gas  and  air  used  contains  about  9  per  cent,   of  gas,   which 
was  found  by  experiment  to  be  the  most  sensitive  to  ignition. 
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ounces  of  dynamite  No.  1,  containing  75  per  cent,  of  aitro-glycerine,  as  determined 
by  the  enlargement  obtained  on  firing  the  same  in  a  leaden  cylinder  tamped  with 

louse  sand. 

(/>)  In  the  case  of  gunpowder,  or  any  explosive  not  intended  to  be  fired  with  a 
detonator,  the  charge  will  be  taken  as  equivalent  to  0  ounces  of  K.F.ti.-  powder, 
M  determined  by  the  enlargement  obtained  on  tiring  the  same  in  a  leaden  cylinder 
tamped  with  loose  sand  and  heavily  weighed  above  with  a  mass  of  metal. 

Each  explosive  shall  be  subjected  to  the  following  test:— A  number  of  shots 
shall  be  tried,  not  exceeding  40.  If  in  the  first  "20  no  failure  occurs,  or  in  the  first 
HO  only  one  failure,  or  in  40  only  two  failures,  it  will  be  passed.     A  shot  shall  be 

■  rded  as  a  failure  (1)  if  it  ignites  the  gaseous  mixture,  (2)  if  it  leaves  an 
appreciable  amount  of  charge  unexploded. 

Such  are  the  various  methods  that  have  been  or  are  at  present 
adopted  in  testing  explosives,  and,  in  discussing  their  relative  merits,  it 
is  necessary  to  come  to  some  conclusion  as  to  what  standard  should  be 
adopted  as  a  measure  of  safety.  The  standard  may  be  either  theoretical 
or  practical. 

From  the  theoretical  point  of  view,  the  safety  of  an  explosive 
depends  on  the  interval  of  time  that  elapses  between  the  retardation  of 
the  ignition  of  fire-damp  and  the  cooling  of  the  highly-heated  gases  as 
they  escape  from  the  shot-hole.  It  has  already  been  shown  that  this  is 
apparently  dependent  on  the  temperature  of  detonation,  the  shattering 
power,  and  the  amount  of  flame  ;  but  the  interdependence  of  these 
conditions  is  so  complex  and  so  little  understood  that  methods  based 
on  theoretical  considerations  alone  can  hardly  be  relied  on  at  present 
to  give  satisfactory  results.  The  French  tests  were  based  on  such 
theoretical  considerations.  The  results,  from  which  the  main 
conclusions  were  drawn,  have  not  been  confirmed  by  subsequent 
experiments,  and  the  restriction  of  the  temperature  of  detonation  to 
1,500°  Cent.  (2,732°  Fahr.)  for  work  in  coal  prevents  the  use  of  such 
valuable  explosives  as  carbonite,  roburite,  westphalite,  and  others,  except 
in  stone-work.  From  the  practical  point  of  view,  the  most  rational 
standard  is  the  maximum  weight  that  can  be  used  without  igniting  the 
most  explosive  mixtures  of  dust  and  gas.  This  method  is  empirical,  but 
it  has  the  advantage  of  showing  the  relative  safety  of  the  various 
explosives  under  the  conditions  of  testing,  and  therefore  affords  mining 
engineers  some  guidance  in  making  their  selection. 

In  the  Westphalian  testing -station  such  a  standard  is  actually  set 
up.  Gradually  increasing  weights  of  each  explosive  are  fired  from  the 
cannon  into  various  mixtures  of  gas  and  dust,  and  the  latest  standard, 
adopted  by  Mr.  Heise  as  the  limiting-charge  of  safety,  is  the  maximum 
weight    of   which   five   consecutive    shots   can   be   fired   into   a   dusty 
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atmosphere  containing  8  per  cent,  of  pit-gas  without  producing  ignition. 
This  test  may  seem  unnecessarily  severe,  seeing  that  the  shots  are  fired 
unstemmed ;  but  the  beneficial  results  accruing  from  it  are  seen  in  the 
high  degree  of  safety  that  has  been  reached  by  the  explosives  in  use  in 
Westphalia,  as  shown  in  Table  IV. 

At  Neunkirchen,  a  more  artificial  standard  is  fixed.  Up  to  1896, 
according  to  Mr.  Drdge,*  an  explosive  was  considered  sufficiently  safe  if 
250  grammes  (8"82  ounces)  fired  from  the  mortar  caused  no  explosion  in 
presence  of  coal-dust  or  fire-damp  mixtures  containing  7  per  cent,  of 
marsh-gas.  But  H.M.  Inspector  of  Explosives  states  that  he  has  reason 
to  believe  that  the  standard  is,  that  500  grammes  (1 7*64  ounces)  fired 
into  a2{  per  cent,  mixture  of  pit-gas  and  air  together  with  2  litres  of 
coal-dust  must  not  produce  ignition,  f 

In  Austria,  each  station  is  under  the  control  of  a  separate  permanent 
committee,  and  last  year  these  committees  met  in  conference  with  the 
Austrian  Technical  Military  Committee,  and  drew  up  regulations  to 
establish  an  uniform  system  of  testing.  Amongst  the  conditions  laid 
down  the  following  are  the  most  important  : — Tests  of  strength  and 
safety  are  to  be  carried  out  simultaneously.  As  a  basis  for  a  minimum 
degree  of  safety,  100  grammes  (3"53  ounces),  wrapped  in  parchment 
paper  and  exploded  in  the  open,  shall  not  ignite  a  7  per  cent,  mixture 
of  pit-gas  and  air  for  the  Mahrisch-Ostrau  collieries,  and  a  10  per  cent, 
mixture  for  the  Segengottes  collieries.  Experimental  determinations  of 
the  temperature  of  detonation  shall  be  made.  The  temperature  is  not 
to  exceed  1,500°  Cent.  (2,732°  Fahr.).  Photographs  are  to  be  taken 
of  the  flames  produced.  The  effect  of  blown- out  shots  in  igniting  dusty 
and  gaseous  mixtures  is  to  be  tested  with  a  fixed  weight  of  100  grammes 
(3*53  ounces)  fired  from  a  mortar. 

In  these  tests  the  standard  of  safety  fixed  is  somewhat  low,  but  the 
first  test  is  very  severe,  seeing  that  the  explosive  is  not  confined  in  a 
cannon.  The  general  system  of  recording  other  properties  beside  the 
ability  or  inability  to  ignite  explosive  mixtures  is  worthy  of  being 
copied. 

What  the  standard  is  in  Great  Britain,  it  is  difficult  to  define,  for  by 
using  small  and  constant  weights  it  is  impossible  to  distinguish  between 
an  explosive  like  carbonite,  of  which  3177  ounces  has  failed  in  the 
Prussian  experiments  to  ignite  dust  containing  8  per  cent,  of  pit-gas, 
and  roburite  and  westphalite  which,  under  the  same  circumstances, 
produced  ignition  when  12*35  ounces  were  fired. 

*  Zeitschri/tfur  da*  Bern-  HiUten-  >nnl  Salvnen-Wesen,  vol.  xlv. ,  page  186. 
t  Annual  Report,  L897,  page  139. 
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The  Woolwich  test  is  doubtless  a  very  severe:  one,  but  the  writer  has 
always  expressed  the  opinion  that  it  is  not  sufficient  to  guarantee  the 

safety  of  the  explosives  tested,  and  lately  Captain  Thompson  bus  stated 
that  the  "permitted  list"  only  implies  that  sueh  explosives  arc  safer 
than  one  which  has  (ailed  to  pass  the  test.  It  will  be  seen,  therefore, 
that  while  there  is  no  standard  in  Great  Britain  for  measuring  the 
relative  safety  of  explosives,  standards  of  a  more  or  less  practical  character 
are  established  on  the  Continent,  and  in  the  writer's  opinion  the 
practical  standard  is  the  best  to  adopt,  for  it  at  once  offers  a  guide  for 
selection.  But  what  should  the  standard  be  r  Should  it  be  that 
adopted  in  Westphalia,  where  each  explosive  is  tested  on  its  own  merits, 
or  should  a  limit  be  placed  on  the  charge  to  be  fired  ?  In  the  writer's 
opinion,  the  Westphalian  standard  is  too  severe,  and  although  it 
thoroughly  tests  the  relative  merits  of  explosives,  it  is  bound  to  restrict 
the  use  of  permitted  explosives  within  very  narrow  limits,  and  somewhat 
hamper  the  coal-industry.  It  seems  more  reasonable  to  fix  a  limit 
to  the  weight  that  shall  not  ignite  gaseous  mixtures  ;  but  that  weight 
should  be  comparable  with  the  charges  generally  employed  in  actual 
working.  The  weight  adopted  at  Neunkirchen  seems  a  reasonable  one, 
while  that  in  Austria  seems  small  ;  but  in  that  country  the  low  tem- 
perature of  detonation  required  will  serve  as  a  check  against  the 
permission  to  use  unsafe  explosive?. 

The  object  of  criticizing  the  present  methods  of  testing  is  to  come  to 
some  conclusion  as  to  what  is  a  satisfactory  method  to  adopt.  The  best 
is  that  which  is  based  on  a  practical  standard,  but  it  should  be  possible 
not  only  to  determine  the  relative  safety  according  to  the  standard 
tixed,  but  also  to  make  observations  on  all  the  properties  which  may 
influence  the  safety  of  an  explosive.  The  object  of  testing  explosives 
should  be  twofold  :  (1)  to  give  mine-managers  a  guide  to  selection 
and  (2)  to  arrive  at  some  knowledge  on  the  theoretical  conditions  that 
determine  the  safety.  The  first  object  is  of  primary  importance  for 
the  present  practical  needs  of  the  consumer  ;  the  second  is  of  import- 
ance, as  it  will  enable  manufacturers  to  place  at  the  disposal  of  the 
coal  industry  explosives  which,  as  far  as  possible,  aim  at  fulfilling 
these  conditions.  The  testing-method  adopted  for  the  first  object 
should  resemble  the  conditions  of  actual  working  as  closely  as  possible. 
So  far  as  the  size  of  galleries  used  in  Prussia  and  Austria  is  concerned, 
this  point  is  to  a  certain  degree  met.  Working  conditions,  however, 
would  be  more  closely  approached  by  the  introduction  of  props  and 
other  obstructions  in  the  line  of  fire  ;    and  if  Mr.  lleise's  theory  re- 
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garding  the  compression  of  the  atmosphere  is  correct,  the  presence  of 
obstructions  should  materially  affect  the  ease  with  which  the  gases 
are  ignited.  Further,  it  has  been  shown  in  many  instances  that  the 
effect  of  the  ventilating-current  is  to  elongate  the  flame  produced  on 
explosion,  and  in  view  of  the  influence  which  the  flame  may  have  on  the 
ignition  of  gas  it  appears  desirable  to  be  able  to  test  explosives  in  both 
still  and  moving  atmospheres.  It  will  be  within  the  recollection  of  the 
members  that  a  committee  reported  on  a  gallery  complying  with  these 
conditions,*  in  which  it  would  be  possible  to  test  explosives  with  or 
without  obstructions  in  the  line  of  fire,  both  in  still  and  moving 
atmospheres. 

There  is  one  respect,  however,  in  which  experimental  tests  can  never 
imitate  blasting-operations,  namely,  in  the  fracture  of  the  surrounding 
material.  This  makes  the  experimental  method  more  severe,  as  the 
shot  performs  very  little  mechanical  work,  and  the  question  to  decide  is 
whether  the  cartridge  should  be  confined  in  a  cannon,  or  hang  freely  and 
unconfined  in  the  explosive  mixture.  The  Prussians  adopt  the  former 
method  and  the  Austrians  the  latter.  It  is  doubtful,  however,  whether 
the  Austrian  method  is  to  be  recommended,  in  view  of  the  fact  shown 
by  the  French  Commission,  that  many  explosives  when  unconfined  are 
liable  to  incomplete  detonation.  Mr.  Heise  confirms  this  opinion,  as  he 
found  by  firing  practically  unconfined  cartridges  of  dynamite  and  blast- 
ing-gelatine that  the  former  was  about  twice  as  strong  as  the  latter, 
which  he  attributes  to  the  incomplete  detonation  of  the  blasting- 
gelatine.  The  writer  has  also  found  that  when  explosives  containing 
dinitro-benzene  are  fired  unconfined  there  is  a  strong  odour  of  dinitro- 
benzene  in  the  fumes,  which  may  be  attributed  to  incomplete  decom- 
position. Cartridges  confined  in  a  cannon  or  in  strong  metallic  tubes 
are  capable  of  complete  detonation,  and  were  it  not  for  the  expense  and 
the  danger  of  destroying  the  gallery,  the  writer  believes  that  firing  shots 
in  strong  metallic  tubes  would  be  the  best  plan  to  adopt ;  but  as  this 
does  not  seem  practicable,  especially  with  heavy  charges,  recourse  must 
be  had  to  firing  shots  from  a  cannon,  which  should  be  strong  enough 
and  have  a  bore -hole  large  enough,  to  hold  charges  of  from  25  to  30 
ounces. 

In  a  gallery  of  this  description,  it  is  believed  that  tests  of  such  a 
practical  character  could  be  carried  out  that  the  results  would  appeal  to 
the  confidence  of  mining  engineers,  and  greatly  assist  them  in  selecting 
explosives.     Doubtless  considerable  information  on  the  action  of  explo- 

*  Trans.  Inst.  M.E.,  vol.  xiv.,  page  415. 
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Bives  ander  these  working  conditions  would  be  obtained  by  this  method 
alone  :  but  to  complete  the  objects  already  mentioned  the  Austrian 
method  should  be  adopted,  of  carrying  out  simultaneously  observations 
on  the  strength  of  the  explosives,  on  the  character  of  their  flame,  on 
their  temperature  of  detonation  as  determined  by  actual  experiment,  and 
lastly,  a  careful  analysis  of  each  explosive  should  be  made  and  its 
products  of  decomposition  determined. 

By  a  careful  co-ordination  of  the  results  obtained  in  carrying  out  a 
systematic  series  of  tests  of  this  description,  it  should  be  possible  to 
arrive  at  some  solution  of  that  complex  question,  on  what  does  the 
safety  of  an  explosive  depend  ? 

It  seems  a  pity,  when  the  Home  Secretary  decided  to  build  a  testing- 
station,  that  he  should  have  let  the  opportunity  pass  of  erecting  one  at 
which  the  question  of  safety  could  be  investigated  in  a  practical  and 
scientific  manner.  As  it  is,  his  action  has  practically  put  an  end  to 
individual  investigations,  whilst  it  leaves  the  position  of  explosives  in 
very  much  the  same  condition  as  it  was  before  the  "permitted  list" 
was  established.  He  refuses  to  take  the  responsibility  of  determining 
the  relative  safety  of  explosives,  for  fear  of  hampering  an  important 
industry  ;  but  leaves  the  mine-manager  the  anxiety  of  selecting  from  a 
list  of  explosives  whose  safety  he  does  not  guarantee. 

It  may  be  said  that  the  results  obtained  on  the  Continent  may  guide 
members,  but  this  is  a  mistake.  These  results  are  only  applicable  to 
explosives  which  have  the  composition  of  those  tested  ;  and  it  must  be 
borne  in  mind  that  explosives  bearing  the  same  name  in  different 
countries  are  not  identical  in  composition  ;  therefore,  whilst  we  may 
come  to  some  conclusions  as  to  the  conditions  determining  safety  from 
these  results,  it  is  by  no  means  sure  that  the  British  explosives  will  give 
the  same  results  as  those  bearing  the  same  name  abroad.  Considering 
the  magnitude  and  importance  of  the  coal-mining  industry  in  Great 
Britain,  it  does  not  seem  too  much  to  expect  the  Home  Secretary  to 
decide  this  question.  He  has  chosen  not  to  do  so,  hence  it  is  necessary 
to  realize  that  the  Woolwich  tests  do  not  guarantee  the  safety  of 
"permitted  explosives,"  or  a  sense  of  false  security  may  arise  which 
eventually  must  lead  to  disaster.  * 

*  While  the  author  was  writing  this  paper,  another  by  Mr.  Gattmann  on 
"  Safety-explosives  "  was  issued  in  the  Journaf  of  the  Society  of  Chemical  Industry, 
1899,  vol.  xviii.,  page  6,  to  which  reference  may  be  made. 
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Mr.  AV.  II.  Chambers,  who  took  the  chair  on  Mr.  Holford  leaving 
the  meeting',  said  that  members  would  agree  with  Mr.  O'Shea  that  they 
were  working  in  the  dark  in  this  country  with  regard  to  the  information 
which  they  ought  to  have  concerning  the  employment  of  explosives. 
The  members  knew  more  about  the  principles  of  these  explosives  in  which 
they  were  so  closely  interested,  with  which  they  risked  their  lives  to  a  con- 
siderable extent,  than  the  Home  Secretary  who  told  them  what  to  use. 

Mr.  G.  B.  Walker  (Wharncliffe  Silkstone  Colliery)  said  that  the 
subject  of  explosives  was  a  labour  of  love  to  Mr.  O'Shea.  When  he 
came  to  Sheffield  he  had  no  idea  of  identifying  himself  with  the  mining- 
industry,  but  since  he  had  identified  himself  with  it  he  had  spared 
neither  time,  trouble,  nor  money  in  their  behalf,  and  his  one  disappoint- 
ment was  that  there  was  so  little  interest  in  the  subject  aroused 
amongst  colliery- managers  and  proprietors.  Recently,  a  committee 
constituted  of  members  of  the  two  Institutes  made  suggestions  with 
regard  to  the  erection  of  an  experimental  explosives  testing-plant,  and 
he  failed  to  see  why  they  should  allow  year  after  year  to  go  by  without 
putting  their  views  into  practical  shape.  The  members  did  not  appear 
to  realize  that  they  did  not  obtain  any  guarantee  from  the  Government 
as  to  the  relative  safety  of  the  different  explosives  which  they  were 
authorized  to  use.  The  members  could  not  take  the  twenty  or  thirty 
permitted  explosives,  and  say  that  they  were  all  equally  safe.  If  the 
members  were  of  opinion  that  the  Institutes  should  erect  an  explosives 
testing- gallery,  he  believed  that  the  £1,200  requisite  would  be  readily 
subscribed.  He  urged  upon  the  members  to  erect  a  plant,  so  that 
such  experiments  as  seemed  desirable  could  be  made  under  the  practical 
conditions  of  mining  operations. 

Mr.  II.  B.  Nash,  in  supporting  the  vote  of  thanks  to  Mr.  O'Shea, 
said  that  he  entirely  disagreed  with  Mr.  Walker's  suggestion.  He 
thought  that  the  Mining  Institutes  should  bring  sufficient  pressure  to 
bear  upon  the  Government  through  members  of  Parliament  representing 
mining  constituencies,  and  force  the  Home  Secretary  to  establish  a 
testing-station  worthy  of  the  nation.  It  was  essential  that  perfect 
tests  should  be  made  in  this  country  upon  explosives,  whether  on  the 
permitted  list  or  not,  and  that  the  results  should  be  published  by  official 
authority. 

Mr.  O'Shea,  replying  to  the  vote  of  thanks,  said  that  the  question 
of  explosives  was  to  him  one  of  considerable  interest.    It  was  an  old  love, 
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many  years  ago  he  was  connected  with  the  manufacture  of  explosives, 

and  he  now  found  himself  associated  with  their  use.  In  this  country 
the  testing  of  explosives  was  placed  in  the  hands  of  H.M.  inspectors  of 
i' \ plosives,  and  it  seemed  to  him  that  it  would  be  desirable  for  a  com- 
mittee representing  the  coal-mining  industry  to  meet  H.M.  inspectors 

of  explosives  and  endeavour  to  draft  a  satisfactory  code  of  procedure  for 
the  testing  of  explosives,  lie  could  sympathize  with  members  who 
thought  it  the  duty  of  the  Home  Secretary  to  make  all  tests,  but  if  he 
would  not  do  so  they  must  take  the  consequences,  and  use  what  the 
Home  Secretary  told  them,  or  set  to  work  and  test  explosives  for  them- 
selves. If  the  time  came  when  a  gallery  would  be  erected  in  this  country 
for  testing  explosives  on  satisfactory  lines,  he  should  feel  that  it  was  a 
happy  day  for  the  mining  industry.  The  members  might  gather  from 
results  which  had  been  obtained  abroad  some  ideas  as  to  the  conditions 
which  regulated  the  safety  of  explosives  in  mines,  but  they  could  not 
rely  on  the  actual  results  applying  to  the  same  explosives  in  England. 
So  much  depended  on  the  composition  of  explosives  in  the  first  instance, 
explosives  having  the  same  name  abroad  and  in  Great  Britain  had  often 
different  compositions.  They  could  only  look  upon  results  obtained 
abroad  as  giving  a  general  idea  of  what  they  might  expect. 


The  following  paper  on  "The  Use  and  Abuse  of  Colliery  Locomotives,,, 
by  Mr.  W.  W.  Clayton,  was  read : — 
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THE    USE   AND   ABUSE   OF   COLLIERY   LOCOMOTIVES. 


By  W.  W.  CLAYTON,  M.Inst.M.E.,  M.Inst.C.E.,  and  M.LMech.E. 


As  it  was  a  colliery-owner  who  first  used  a  locomotive  engine  as  a 
commercial  success,  a  brief  account  of  its  early  history  may  be  interesting 
to  the  members. 

In  the  year  1811,  John  Blenkinsop,  who  was  then  the  proprietor 
of  the  Middleton  colliery  near  Leeds,  ordered  from  Matthew  Murray, 
an  engineer  in  Leeds,  a  locomotive  for  use  on  his  colliery-railway.  This 
engine  started  work  in  August,  1812,  its  weight  was  between  4  and  5 
tons,  and  it  was  propelled  by  means  of  a  toothed  wheel  working  in  a  rack 
at  one  side  of  the  rails.  It  regularly  hauled  30  coal-waggons,  weighing 
altogether  about  94  tons,  at  a  speed  of  3|  miles  an  hour. 

Trevithick,  a  Cornish  engineer,  was  at  the  same  time  experiment- 
ing with  the  locomotive,  and  built  one  for  Blackett,  of  Wylam ;  for 
some  reason  or  other  this  engine  never  worked  on  the  railway,  but  was 
used  for  another  purpose  at  the  colliery.  William  Hedley,  the  viewer, 
however,  was  not  content  to  let  the  matter  rest :  he  set  to  work  to  improve 
upon  the  engine,  and  after  making  exhaustive  experiments  as  to  whether  the 
ordinary  adhesion  of  the  wheels  of  an  engine  working  upon  smooth  rails 
would  be  sufficient  to  ensure  the  useful  application  of  the  whole  of  the 
steam  force,  he  built  an  engine  to  work  on  his  plan.  It  had  a  cast-iron 
boiler  and  one  steam -cylinder  6  inches  in  diameter.  This  engine,  though 
much  superior  to  Trevithick's,  was  still  very  unsatisfactory  ;  he  there- 
fore built  another  one,  with  a  larger  boiler  of  wrought -iron  and  two 
steam-cylinders.  This  was  the  first  locomotive  to  work  successfully  by 
its  own  adhesion  on  smooth  rails.  It  was  called  the  "  Puffing  Billy," 
and  is  now  in  the  South  Kensington  Museum. 

G-eorge  Stephenson,  who  had  watched  Hedley's  experiments  from 
the  first,  recoinmen  led  the  proprietors  of  Killing  worth  collieries,  where 
he  was  employed  as  enginewright,  to  adopt  locomotive  power.  An  engine 
was  built  in  the  colliery-workshops  which  was  practically  a  failure ; 
but  Stephenson  was  not  to  be  beaten,  and  a  second  engine  was  built  at 
Killingworth  in  which  many  of  the  most  serious  defects  were  remedied. 


COLLIERY    LOCOMOTIVES.  237 

It  continued  working  on  the  colliery-line  for  many  years,  and  its  success 
decided  the  directors  of  the  Stockton  and  Darlington  Railway  in  ]822  to 
adopt  Bteam-locomotives  for  bheir  line. 

Such,  briefly,  is  the  history  of  the  locomotive  to  its  first  use  ou  a 
public  railway,  and  though  the  celebrated  trials  at  Rainhill  did  not  take 
place  until  (some  years  afterwards)  Octoher  1st,  1829,  its  'success  was 
now  fully  assured. 

Locomotives  used  at  collieries,  leaving  out  of  the  question  large 
tender-engines  sometimes  employed,  are  tank-engines  having  inside  or 
outside  cylinders,  and  are  carried  on  four  or  six  coupled  wheels.  The 
tanks  are  variously  placed  :  the  most  common  and  certainly  the  best 
form  is  the  saddle-tank  placed  over  the  boiler- barrel,  and  sometimes 
extending  over  both  smoke-box  and  fire-box.  Side  or  wing-tanks  are 
placed  on  each  side  of  the  footplate,  partly  with  the  idea  of  improving  the 
appearance,  which  they  undoubtedly  do,  and  partly  to  lower  the  centre  of 
gravity  of  the  engine;  but  as  the  water  is  carried  farther  away  from 
the  centre  of  the  engine,  this  is  only  done  to  a  small  extent.  In  small 
engines,  side-tanks  are  a  great  disadvantage,  as  they  interfere  with  the 
access  to  the  motion-bars  inside  the  frames.  Under-tanks,  placed  under 
the  boiler -barrel  and  between  the  frames,  are  the  most  objectionable  of 
all,  as  they  block  up  entirely  the  access  to  the  front  of  the  fire-box  shell 
for  washing  out  purposes. 

Whether  inside  or  outside  cylinders  are  best  is  a  question  that  has 
been  much  debated,  but  there  is  no  doubt  at  all  that  outside  cylinder- 
engines  are  simpler  and  cheaper  to  build,  and  are  therefore  more 
suitable  for  rough  usage  than  inside  cylinder-engines.  In  America, 
Russia,  and  many  other  countries,  engines  with  inside  cylinders  are 
entirely  unknown.  It  is  quite  possible  to  build  outside  cylinders  in  such 
a  manner  that  there  is  no  possibility  of  their  becoming  loose.  The 
drawing  (Fig.  1,  Plate  III.)  shows  an  engine  with  a  pair  of  cylinders 
(16  inches  in  diameter)  which  have  been  working  for  30  years,  and  not 
a  single  bolt  has  been  renewed. 

The  choice  between  engines  on  four  or  six  wheels  depends  entirely  on 
the  curves  upon  the  railway  and  the  speed  intended  to  be  run.  The  slower 
the  speed  the  sharper  may  be  the  curves  which  the  engine  will  traverse  in 
safety.  About  collieries,  curves  should  always  be  laid  wide  to  gauge, 
giving  say  \  inch  in  150  feet  curves  to  as  much  as  1  inch  in  40  feet  curves. 
Six-coupled  engines,  with  a  12  feet  wheel-base,  will  readily  pass  round 
150  feet  curves  laid  in  this  manner,  especially  if   the  flanges  of  the 
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drivin g -wheels  are  thinned.  This  thinning  of  the  flange  of  the  central 
wheels  adds  very  considerably  to  the  life  of  the  crank-axles,  as  it  reduces 
very  considerably  the  nip  of  the  rails,  the  most  destructive  force  against 
which  they  have  to  contend. 

As  a  general  rule,  four-wheeled  engines  may  be  used  up  to  22  tons 
in  weight, 'heavier  than  this  (unless  the  roads  are  good)  they  are  very 
destructive,  and  especially  so  if  made  with  short-wheel  bases,  say  under 
6  feet.  There  is  no  difficulty  with  engines  of  7  feet  wheel-base  working 
round  curves  of  40  feet  ;  bat  over  20  tons  in  weight  engines  with  six 
wheels  are  much  to  be  preferred,  and  their  economical  working  on  rough 
roads  may  be  greatly  assisted  if  they  be  properly  placed  on  suitable 
springs. 

The  spring-gear  should  be  so  designed  that  when  the  engine  is 
standing  on  an  uneven  road  the  distribution  of  the  weight  on  the  wheels 
should  not  be  materially  altered.  There  are  various  ways  of  accom- 
plishing this  object.  One  is  by  placing  equalizing  levers  on  each  side 
of  the  engine  between  the  ends  of  the  springs.  Another  way  is  by 
placing  a  large  cross-spring  pivotted  in  the  centre  at  the  trailing-end  of 
the  engine.  The  latter  arrangement  has  the  additional  advantage  of 
leaving  the  driver's  footplate  clear  of  springs. 

The  proper  proportions  of  springs  is  an  important  factor  not  only  in 
the  economy  of  the  engine  and  rails,  but  also  adds  greatly  to  the  comfort 
of  working.  They  are  often  too  short,  too  narrow,  too  deep,  or  have 
too  much  camber,  and  when  all  these  faults  meet  together  a  lump  of 
cast-iron  would  answer  equally  well.  Figs.  2  and  3  (Plate  III.)  show 
such  a  spring,  and  Figs.  4  and  5  one  of  equal  strength  and  of  good  pro- 
portion. In  a  wide  spring,  the  hole  through  the  centre,  which  is  the 
ordinary  method  of  manufacture,  is  a  much  smaller  proportion  of  the 
total  section  than  in  a  narrow  one.  It  is,  however,  not  always  possible 
in  designing  locomotives  to  get  in  exactly  the  spring  that  one  would 
wish. 

Some  engineers  have  the  impression  that  the  greater  is  the  number 
of  brake-blocks  the  greater  is  the  efficiency  of  the  brake.  Such,  however, 
is  not  the  case,  as  friction  is  proportionate  to  weight  and  not  to  surface, 
therefore  two  blocks  acting  on  two  wheels  are  as  efficient  as  six  blocks 
on  six  wheels.  Brake-blocks  wear  the  tyres  very  considerably,  and  for 
this  reason  it  is  desirable  to  have  a  block  on  each  wheel  to  ensure  enual 
wear  of  the  tyres.  Cast-iron  blocks,  covering  the  flange  as  well  as  the 
tread  of  the  tyre,  are  the  best  to  use.  As  the  size  and  weight  of  trucks 
have  increased  greatly,  requiring  the  use  of  larger  engines,  steam-brakes 
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arc  now  almost  ,i  necessity  to  relieve  the  drivers  of  the  hard  labour  that 
const  an;  braking  entails.  Kcducing-valvcs  should  always  be  used  in 
connexion  with  steam-brakes,  so  as  to  properly  control  their  action. 

The  most  important  part  of  a  locomotive  is  the  boiler,  which  is 
now  usually  made  of  mild  steel  plates  ;  but  whether  this  material  is  the 
best  for  the  purpose  is  not  a  settled  point.  With  bad  water  best 
Yorkshire  plates  last  better. 

Boilers  should  be  so  fixed  and  carried  that  none  of  the  strains  to 
which  the  frames  are  subjected  should  be  transmitted  to  them.  They 
should  be  firmly  bolted,  both  tube -plate  and  smoke-box,  to  the  cylinder, 
so  that  no  movement  can  possibly  take  place,  ensuring  a  rigid  connexion 
for  the  steam-pipes. 

At  the  fire-box  end,  proper  provision  should  be  made  for  expansion, 
which  is  best  obtained  by  means  of  a  clasp  over  the  angle-brackets  at 
the  sides  of  the  fire-box  shell.  Bolts  placed  through  slotted  holes  (Fig.  8, 
Plate  III.)  are  objectionable,  as  they  are  liable  to  get  fast.  The  two 
sketches,  Figs.  6  and  7,  (Plate  II T.)  show  two  different  arrangements. 

It  is  of  the  greatest  importance  to  watch  carefully  that  the  provision 
for  expansion  does  not  become  inoperative,  as  wrhen  this  occurs  enormous 
strains  come  on  to  the  boilers,  causing  trouble  with  the  vertical  seams, 
leaky  tube-plate  angles,  and  often  cracking  the  corners  of  the  fire-box 
shell-plate. 

The  practice  of  cramming  boilers  with  a  large  number  of  small  tubes 
is  a  very  objectionable  one,  being  often  done  to  make  an  imposing  show7 
of  large  heating -surface  ;  but  as  the  relative  value  of  tube  heating- 
surface  is  only  one-tenth  that  of  the  fire-box,  leaving  out  a  few  tubes 
is  never  felt,  and  the  extra  space  gained  between  each  tube  is  a  great 
advantage,  and  extra  strength  is  left  in  the  copper  tube-plate. 

AVhat  is  the  best  material  for  tubes  is  a  question  which  can  only  be 
decided  by  the  conditions  of  working  at  each  particular  place.  Brass  tubes 
will  not  answer  at  all  with  gas-coke  or  coal  containing  a  large  amount  of 
sulphur.  The  tubes  will  thin  very  rapidly  immediately  in  front  of  the 
ferrule  at  the  fire-box  end  and  collapse  in  a  few  months.  Steel  or  iron 
tubes  answer  very  well  for  such  fuel,  and  provided  the  water  contained 
no  free  acid,  would  be  the  best  to  use.  When  both  fuel  and  water  are 
bad,  copper  tubes  are  the  only  ones  that  will  stand.  Care  should  always 
be  taken  that  the  tubes  project  through  the  tube-plates,  as  these  depend 
entirely  on  the  tubes  for  their  support,  and  when  these  are  allowed  to 
get  within  the  plates,  bulging  inevitably  takes  place.  Iron  and  steel 
tubes  are  often  put  in  with  a  copper  end,  on  account  of  the  idea  that 
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they  cannot  be  made  tight  in  the  fire-box  tube-plate  without  this. 
There  is  no  difficulty  in  making  a  steel  tube  tight  in  a  copper  plate,  if 
care  be  taken  to  have  the  tube  thoroughly  clean  and  bright,  so  that  there 
is  perfect  metallic  contact  between  the  tube  and  the  plate. 

The  boiler  is  undoubtedly  that  part  of  the  locomotive  which  comes  in 
for  the  greatest  share  of  abuse,  mostly  from  the  use  of  unsuitable  water. 

Absolutely  pure  water  is  very  bad  for  boilers,  as  no  protective  scale  is 
formed  on  the  surface  of  the  plates,  consequently  corrosion  takes  place 
very  rapidly,  and  is  indicated  by  the  presence  of  rust  in  the  water-gauge 
glass. 

Water  containing  magnesia  is  very  troublesome  to  use,  but  does  not 
act  injuriously  on  the  plates :  with  such  water,  after  working  a  short  time 
a  thick  scum  forms  on  the  top  of  the  water  ;  the  steam  having  to  rise 
through  this  carries  with  it  particles  of  magnesia  loaded  with  moisture, 
and  excessive  priming  is  the  result.  A  partial  remedy  for  this  is  the 
use  of  a  scum-cock,  but,  as  the  water-surface  in  a  locomotive  boiler  is 
much  broken  up  with  stays,  effective  scumming  cannot  take  place,  and 
frequent  emptying  and  washing-out  of  the  boiler  must  be  resorted  to. 

Water  containing  lime  in  various  forms  is  most  commonly  used,  and 
this  generally  forms  a  hard  scale  on  the  plates.  There  are  many 
remedies  for  this  in  the  shape  of  boiler-compositions,  but  all  that  is 
required  is  that  the  solids  left  in  the  boiler  from  the  evaporation  of  the 
water  should  be  in  such  a  state  that  they  can  be  readily  removed.  In 
stationary  boilers  this  removal  has  been  very  successfully  accomplished 
by  means  of  petroleum,  the  only  difficulty  experienced  being  to  get  it 
into  the  boiler  in  a  small  enough  quantity  and  in  a  finely  divided  state. 
It  has  been  tried  in  locomotives  by  painting  the  inside  of  the  water- tank 
with  the  oil,  and,  though  it  answered  the  purpose,  some  more  convenient 
method  will  have  to  be  found  out  before  its  use  can  be  generally 
adopted. 

The  regular  washing  out  of  boilers  is  often  neglected — simply 
blowing  the  water  out  of  the  boiler  is  by  some  considered  all  that  is 
necessary.  The  practice  of  blowing-off  boilers  is  a  most  barbarous  and 
damaging  proceeding  ;  it  ought  never  to  be  allowed,  and  the  sooner  blow- 
off  cocks  are  entirely  dispensed  with,  the  better  it  will  be  for  boilers. 
The  steam  should  be  allowed  to  go  down  quietly,  the  boiler  emptied,  and 
the  washing-out  not  proceeded  with  until  the  boiler  is  nearly  cold.  The 
use  of  copper  instead  of  iron  rods  in  the  nmdholes  would  very 
materially  save  the  threads  in  the  holes,  and  the  plates  at  the  bottom  of 
the  fire-box  shell. 
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TLv  provision  of  efficient  means  for  constant  lubrication  of  all  the 
working  parts  of  an  engine  is  a  matter  to  which  builders  should  give 
careful  attention,  but  it  is  just  as  important  that  users  should  provide 
suitable  lubricants.  It  is  absurd  to  expect  good  results  from  the 
commonest  mineral  oil  that  can  be  obtained,  and  the  use  of  such  oil  adds 
very  seriously  to  the  cost  of  repairs.  The  old-fashioned  tallow  cock  is 
another  thing  that  could  very  well  be  omitted,  and  sight-feed  lubricators 
should  be  adopted,  as  they  ensure  a  constant  supply  of  oil  to  the  steam- 
cylinders. 

Much  might  be  written  as  to  the  proper  method  of  cleaning  engines, 
but  it  is  impossible  within  the  scope  of  a  short  paper  to  deal  ex- 
haustively with  such  a  complex  structure  as  a  locomotive  engine. 
Though  the  fringe  of  the  subject  has  only  just  been  touched,  the  fore- 
going paper  may  lead  some  of  the  members  to  take  a  greater  interest  in 
the  subject,  and  possibly  may  tend  to  the  better  use  and  the  less  abuse 
of  colliery  locomotive-engines. 


Mr.  W.  H.  Chambers  moved  a  vote  of  thanks  to  Mr.  Clayton  for  his 
interesting  paper. 

The  Chairman  seconded  the  proposal,  which  was  carried  unanimously. 
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MIDLAND  INSTITUTE   OF  MINING,  CIVIL  AND 
MECHANICAL  ENGINEERS. 


ANNUAL  GENERAL  MEETING, 
Held  at  the  Queen's  Hotel,  Leeds,  on  August  1st,  1899. 


Mr.  W.  H.  CHAMBERS,  President,  in  the  Chair. 


The    minutes    of    the    previous    General    Meeting    were   read   and 
confirmed. 


Messrs.  J.  L.  Routledge  and  R.  Routledge  were  appointed  scrutineers 
of  the  balloting  papers  for  the  election  of  officers  for  1899-1900,  and  of 
the  balloting  papers  for  representatives  on  the  Council  of  The  Institution 
of  Mining  Engineers  for  1899-1900. 

The    following    gentlemen    were    elected,    having    been    previously 

nominated : — 

Members — 
Mr.  P]llis  Barraclough,  Colliery  Manager,  Ackton  Hall  Colliery,  Feather- 
stone,  Pontefract. 
Mr.  William   Wentworth   Clarke,  Colliery   Manager,  Lidgett  Colliery, 

Barnsley. 
Mr.  John   William   Garside,    Electrical   Engineer,  Brookhouse   Cottage, 

Brighouse. 
Mr.  Ralph  Richardson,  Mining  Engineer,  Barrow  Collieries,  Barnsley. 


The  Annual  Report  of  the  Council  and  the  statement  of  accounts 
for  the  past  year  were  read  as  follows  : — 


IS 


1897-98. 

1898-99 

4 

4 

11 

11 

228 

226 

9 

7 

17 

15 

12 

11 

281 

274 
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THE  COUNCIL'S  ANNUAL  REPOET. 

The  Council  have  pleasure  in  presenting  to  the  members  of  the  Insti- 
tute their  report  on  the  work  of  the  past  year. 

The  number  of  members  for  the  past  two  years  is  as  follows  :— 

Life  Members 

H  onorary  Members 

Members       ...         

Associate  Members 

Associates     ... 

Students        

Totals 

If  all  the  members  had  duly  paid  their  subscriptions  there  would 
have  been  an  increase  in  all  classes  during  the  year  of  1 1 . 

Of  the  £36  of  arrears  of  subscriptions  for  1897-98,  £10  10s.  have 
been  collected  during  the  past  year.  There  is,  however,  a  balance  of 
£25  10s.,  which  has  now  been  written  off  as  irrecoverable. 

The  Council  again  regret  to  have  to  state  that  there  has  been, 
during  the  past  year,  considerable  irregularity  in  the  payment  of 
subscriptions,  the  arrears  amounting  to  £27  from  18  members.  This 
deficiency  does  not  appear  in  the  balance-sheet,  as  only  the  names  of 
those  members  who  have  paid  their  subscriptions  are  returned  to  the 
Secretary  of  The  Institution  of  Mining  Engineers. 

The  following  papers  have  been  read  during  the  past  year  : — 

"Presidential  Address."     By  Mr.  W.  H.  Chambers. 

"The  Whitwick  Colliery  Disaster."     By  Mr.  J.  Ford. 

"  The  Rhenish- Westphalian  Coal  Syndicate."     By  Mr.  G.  Blake  Walker. 

A  very  successful  meeting  has  been  held  in  conjunction  with  the 
Chesterfield  and  Midland  Counties  Institution  of  Engineers,  at  which 
the  following  papers  were  read  and  discussed  : — 

"The  Use  and  Abuse  of  Colliery  Locomotives."     By  Mr.  W.  W.  Clayton. 
"  The  Safety  of  Modern  Mining  Explosives,  with  Special  Reference  to 

Methods  of  Testing."     By  Mr.  L.  T.  O'Shea. 
"The   Application   of    Carbonic   Acid   to    Gob-fires."       By   Mr.    George 

Spencer. 

The  Council  regret  to  have  to  record  the  death  of  two  highly- 
esteemed  members  of  the  Institute,  namely  : — Mr.  A.  M.  Chambers,  a 
Past-President  of  this  Institute,  and  President  of  The  Institution  of 
Mining  Engineers  at  the  time  of  his  death  ;  and  of  Mr.  Geo.  J.  Kell,  a 
former  Vice-President,  who  for  many  years  took  an  active  part  in  the 
work  of  the  Institute. 
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246  ACCOUNTS. 

Dr.  The  Treasurer  (Mr.  T.  W.  H.  Mitchell)  in  Account 

Mechanical 


July  1st,  1898. 

To  Balance  at  Bankers  

„  Cash  in  Treasurer's  hands  ... 

June  30th,  1899. 

To  Subscriptions  for  1898-99 

paid  in  advance  for  1899-1900 

„  Arrears  

..   Sale  of  Dinner  Tickets       

„   Members'  portion  of  the  Wine  Account  at  the  Annual 
Dinner     ... 

,,  Sale  of  Transactions  

.,  Letting  of  Room 

..   Chesterfield    and    Midland    Counties     Institution    of 
Engineers — Moiety  of  Expenses  of  Joint  Meeting  ... 
„  Bank  Interest  


&   s.     d. 

80  17     0 

5     1     9 


375     0  0 

5  18  7 

10  10  0 

9  12  6 

4  10  0 


s.    d. 


91  18     9 


391     8     7 


14     2     6 

2  7     0 
1  17     6 

3  0  11 

4  0     2 


Examined  and  found  correct, 

H.  B.  NASH, 
E.  W.  TH1RKELL, 
July  \Wi,  1899.  Auditors. 


£508  15     5 
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with  tiii:  Mi  i)i,  and  Institute  OF  Mining,  Civil  and 
Bngihbbbb.  1898  99. 


(Jr. 


June  30th,  1899. 
By  The  Institution  of  Mining  Engineers: — 

Call    of     19s.    per    Member   on    260    Members    for 

1898-99  

„  Balance  of  Call  for  1897-98     

..   Excerpt  Transactions,  etc. 

..  Proportion   of     cost  of     Exchanging    Transact  i On  & 
with  other  Societies  (2  years) 


£     8. 


217  0  0 

7  12  0 

3  1  0 

6  6  8 


£     s.  «1. 


Annual  Dinner    ... 
Printing  and  Stationery 
Rent  of  Koom 

Reporter 

Insurance... 
Cleaning     .. 

Gas  Company       

Hire  of  Rooms  for  Meetings  in  Barnsley,  Leeds,  and  Sheffield 
Secretary's  Salary  ...         ...         ...         ...         ...      £50 

„  Expenses      13 


0     0 
5     2 


„  Ordnance  Plans  and  Cartoons 

,,  Stamps,  Telegrams,  Carriage,  Wrappers,  and  Sundries 

,,  Balance  at  Bankers         ...         ...         ...         ...         ...      £85  11  11 

,,  Cash  in  Treasurer's  hands         ...         ...         ...         ...  1   19     3^ 


263  19  8 

25     1  3 

13   19  9 

12     0  0 

7     0  0 

1    11  6 

0     3  0 

0     6  4 

3     9  0 


63  5  2 
16  14  1 
13  14     5£ 


87  11     2i 


£508  15     5 
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The  Council  have  had  under  their  consideration  the  great  importance 
of  establishing  stations  for  the  saving  of  life  and  the  recovery  of  mines 
after  explosions  in  various  centres  of  the  Yorkshire  coal-field.  They 
consider  this  a  matter  in  which  this  Institute  can  render  valuable 
services,  and  it  has  been  placed  in  the  hands  of  a  committee,  whose 
report  will  be  considered  at  the  annual  meeting.  The  Council  consider 
it  very  desirable  that  the  best- known  appliances  should  be  available 
for  entering  mines  as  soon  as  possible  after  an  explosion  takes  place,  and 
by  means  of  the  pneumataphore  and  similar  apparatus,  and  of  trained 
corps  of  explorers,  they  are  of  opinion  that  much  may  be  done  to  save 
life  and  property.  The  Council  trust  that  each  individual  member  will 
take  an  interest  in  this  scheme,  and  endeavour  to  enable  the  recom- 
mendations of  the  Council  to  be  carried  into  effect  by  securing  the 
financial  co-operation  of  the  collieries  with  which  he  is  connected. 

The  committee  formed  to  carry  out  the  correlation  of  the  Lancashire 
and  Yorkshire  coal-fields  have  not  been  able  to  proceed  with  this  work 
during  the  past  year.  A  difficulty  in  settling  the  lines  on  which  the 
work  should  be  done  has  occurred  with  the  Manchester  Geological 
Society,  but  it  is  intended  to  have  a  discussion  on  the  question  at  the 
next  joint  meeting  with  that  society,  after  which  it  is  hoped  that  the 
matter  can  be  proceeded  with. 


Mr.  H.  B.  Nash  remarked  that  the  expenditure  for  the  year  had 
exceeded  the  income  by  £4  7s.  7d.,  showing  that,  if  they  were  to  main- 
tain their  position,  they  must,  if  possible,  have  more  members.  He 
proposed  that  the  Report  and  Accounts  be  adopted. 

Mr.  E.  W.  Thirkell  seconded  the  motion,  which  was  agreed  to. 


Prof.  E.  H.  Liveing  read  the  following  paper  on  "  Underground 
Surveys  and  their  Connexion  with  the  Surface  by  the  Transit 
Method  "  :— 


UNDERGROUND  SURVEYS.  '1  \[) 


UNDERGROUND    SURVEYS    AND    THEIR    CONNEXION 
WITH  THE  SURFACE  BY  THE  TRANSIT  METHOD. 


By  Prof.  E.  H.  LIVEINi;. 

In  these  days  of  large  royalties  and  extensive  colliery-workings,  the 
importance  of  accurate  underground  surveys  becomes  more  and  more 
evident.  It  is  now  generally  recognized  that  careful  theodolite  surveys 
can  alone  be  relied  upon  for  all  important  work,  and  not  only  must  these 
surveys  be  correct  in  themselves,  but  the  connexion  between  the  surface 
and  the  underground  workings  must  also  be  correctly  made,  or  the  whole 
underground  survey  may  be  shifted  in  azimuth,  and  cause  serious  error 
and  possible  encroachments  when  the  workings  reach  long  distances 
from  the  shafts.  For  exact  work,  the  use  of  the  magnetic  needle  for 
this  purpose  is  out  of  the  question. 

Where  an  adit-level  exists,  or  even  an  inclined  shaft,  the  theodolite 
survey  may  sometimes  be  carried  straight  into  the  mine,  extra  care 
being  taken  on  inclines  that  the  azimuth  axis  of  the  instrument  is  truly 
vertical,  and  that  the  adjustments  as  to  squareness  of  the  axes  and 
collimation  are  perfect. 

Where  a  mine  has  two  vertical  shafts  at  a  considerable  distance 
apart  with  workings  communicating,  the  connexion  is  easily  effected  by 
making  careful  surveys  between  the  centre  lines  of  the  two  shafts,  both 
at  the  surface  ;md  underground  :  each  survey  can  then  be  plotted  and 
superposed  with  the  centres  of  the  shafts  coincident  on  plan,  or  both 
surveys  may  be  plotted  by  co-ordinates,  the  difference  of  azimuth 
between  the  first  sets  of  each  survey  having  been  determined  by 
calculation.* 

Unfortunately  the  shafts  in  collieries  are  often  too  near  together  to 
admit  of  this  method  giving  satisfactory  results,  and  in  such  cases  either 
the  plumb-line  method  or  the  transit  method  must  be  resorted  to. 

*  Thus,  calling  the  shafts  A  and  B  (Fig.  1,  Plate  III.),  and  taking  A  Z,  the 
tirst  set  of  the  surface-survey,  as  a  meridian,  the  latitude  and  departure  of  the 
point  B  are  calculated  :  Dep.  -r-  Lat.  =  tan  ZAB,  and  angle  Z  A  Bis  found.  Again, 
taking  A  X,  the  first  set  of  the  underground  survey,  as  a  temporary  meridian,  the; 
Latitude  and  departure  of  B  are  also  calculated  :  Dep.  -*■  Lat.  =  tan  X  A  B,  and 

gle  X  A  B  is  found.  Now  that  angles  ZAB  and  X  A  B  are  known,  the 
azimuth  angle  Z  A  X  in  this  case  will  equal  their  difference. 

19 
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The  plumb-line  method  is  most  suitable  for  comparatively  shallow 
shafts  of  considerable  diameter.  It  is  largely  used  in  railway-tunnelling. 
It  consists  in  hanging  two  heavy  plumb-bobs  by  wires  in  one  of  the 
shafts,  as  far  apart  as  the  width  of  the  shaft  will  permit.  The  plane  in 
which  these  plumb-lines  hang  is  taken  as  the  common  meridian  from 
which  to  start  both  surface  and  underground  surveys.  With  deep  shafts, 
however,  difficulty  is  experienced  in  bringing  the  plumb-lines  to  rest ; 
even  though  the  plumb -bobs  are  immersed  in  buckets  of  water,  oil  or 
tar,  it  is  found  that  in  coal-pits  the  currents  of  air  in  the  shaft  keep 
them  in  motion,  or  at  least  prevent  them  from  assuming  an  absolutely 
vertical  position. 

For  deep  shafts  therefore,  and  for  great  accuracy,  the  transit  method 
alone  remains.  This  method  was  originally  proposed  and  successfully 
employed  for  many  years  by  the  late  Mr.  A.  Beanlands,  of  Durham,  who 
contributed  a  paper  on  the  subject,  which  will  be  found  in  one  of  the 
early  volumes  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers.*  The  writer  hopes,  however,  that  the  following 
particulars,  the  result  of  his  own  experience  of  Mr.  Beanland's  method 
during  the  past  22  years,  may  be  of  use  to  the  members. 

A  transit  instrument  consists  of  a  sighted  telescope  having  a  single 
axis  at  right  angles  to  its  line  of  sight,  this  axis  terminates  in  2  equal 
cylinders  or  trunnions,  which  are  carried  in  Y-shaped  bearings  attached 
to  iron  or  masonry  supports. 

The  transit  is  the  most  important  instrument  of  the  astronomer,  and 
is  employed  in  observatories  to  determine  the  exact  time  of  the  meridian 
passage  of  stars  and  other  celestial  objects.  For  this  purpose  the 
telescope  is  often  large,  having  an  object  glass  of  G  and  even  8  inches 
aperture,  and  the  Y-bearings  are  carried  on  solid  masonry  piers ;  but  for 
surveying  purposes  a  much  smaller  instrument  is  employed,  one  of  2|  to 
2^  inches  aperture  and  from  30  to  35  inches  focus  being  a  convenient 
size  (Fig.  5).  This  is  used  with  a  portable  iron  stand  having  levelling 
screws  and  a  horizontal  screw  adjustment  to  one  of  the  Y-bearings. 
For  shaft- work,  the  base  of  the  stand  should  be  open,  so  as  to  allow  of 
the  telescope  being  pointed  down  the  shaft.  The  instrument  is 
commonly  provided  with  a  long  striding  level,  the  legs  of  which  rest 
upon  the  trunnions  in  order  to  adjust  the  axis  truly  horizontal.  The 
level  is,  however,  sometimes  hung  by  small  studs  parallel  to  the  main 
axis  as  shown  in  the  illustration  (Fig.  5).  There  is  also  a  graduated 
circle  with  vernier  plate  and  level   to  determine  the  altitude  of  any 

*  Traits.,  vol.   xx.,  page  85. 
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object  observed  with  the  telescope.  The  eyepiece  end  of  the  telescope  is 
provided  with  a  wire  frame,  carrying  for  astronomical  purposes  5  vertical 
wires  and  1  horizontal  wire.  For  shaft  work,  however,  1  vertical  wire 
and   1   horizontal  wire  will  suffice :  these  should  be  spider  lines,  but  not 


Fig.  5.     Transit  Instrument. 


too  fine.  One  of  the  trunnions  of  the  instrument  is  perforated  and  a 
diaphragm  mirror,  within  the  telescope,  illuminates  the  wires  when  a 
lamp  is  placed  at  the  end  of  the  axis. 

The  wire-frame  is  held  by  two  opposing  adjustment-screwTs  and  the 


252  UNDERGROUND  SURVEYS. 

collimation-adjustmeiit  is  made  in  the  same  manner  as  with  the  transit- 
theodolite,  namely,  by  bisecting  some  distant  object,  then  reversing  the 
instrument  in  its  Y-bearings  and  correcting'  half  of  any  error  by  the 
wire-plate  screws.  The  line  of  sight  will  then  be  exactly  at  right  angles 
to  the  axis  of  motion  and,  if  the  axis  be  level,  the  line  of  sight  describes 
a  truly  vertical  plane,  as  the  telescope  is  turned  on  its  axis,  and  this 
plane  takes  the  place  of  the  plane  of  the  plumb-line  in  the  last- 
mentioned  method. 

The  use  of  the  transit-instrument,  with  its  axis  horizontal,  to 
connect  surface  and  underground  surveys  depends  on  the  fact  that  any 
two  horizontal  or  inclined  lines  in  a  truly  vertical  plane  have  the  same 
bearing  in  plan,  in  fact  are  either  coincident  or  form  a  continuation  of 
the  same  straight  line. 

The  use  of  the  transit-instrument  for  the  same  purpose  with  its 
axis  not  truly  horizontal  depends  on  the  fact  that  any  two  horizontal 
lines  in  an  inclined  plane  have  the  same  bearings  in  plan,  they  are  in 
this  case  parallel,  but  not  coincident  or  a  continuation  of  one  another. 

The  connexion  observation  is  generally  best  made  in  the  downcast 
shaft,  because  the  air  is  there  clear  and  has  a  fairly  uniform  tempera- 
ture, which  is  a  matter  of  great  importance  as  avoiding  irregular 
refraction. 

As  the  pit  must  be  "off  work"  while  the  observation  is  being  made, 
it  is  usually  best  to  choose  Saturday  afternoon  or  Sunday  for  the 
purpose. 

To  fix  the  transit  -instrument  two  heavy  balks  of  timber  are  placed 
across  the  mouth  of  the  shaft,  preferably  at  the  ground-level  and  not  on 
the  top  of  the  heapstead,  on  account  of  possible  flexure  and  vibration. 
On  these  balks  the  transit  stand  is  supported,  a  light  and  quite  inde- 
pendent staging  of  boards  being  fixed  a  little  above  the  balks  to  carry  the 
observer,  without  fear  of  vibration  to  the  instrument. 

At  the  shaft-bottom,  two  short  battens,  A  and  B  (Fig.  2,  Plate  III.). 
are  nailed  across  the  shaft-framing,  about  4  feet  above  the  fiat  she* 
and   upon    these    is    fixed   a   horizontal   bar  of  pine,   fi  by  3   inches  in 

lion  ;  the  middle  point  of  this  bar  should  be  placed  perpendicularly 
below  the  centre  point  of  the  transit-instrument,  and  the  bar  should  be 
placed  in  the  direction  of  the  main  road  from  the  shaft-bottom. 

Upon  this  bar,  at  equal  distances  from  the  centre  points,  are  screwed 
two  small  wooden  boxes  of  the  construction  shown  in  Figs.  3  and  1  (Plate 
[II.),  the  top  of  each  box  is  inclined  at  an  angle  of  45  degrees  and  is 
p  i-forated,  and  two  fine  copper  wires,  E,  stretched  diagonally  across  a 
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sunill  brass  frame,  are  secured  to  this  opening.     The  thickness  of  thi 

wires  must  vary  with  the  depth  of  the  shaft  and  power  of  the  telescope 
employed.  Thus,  with  a  .:  ]  inches  aperture,  wires  of  No.  20  B.W.G-., 
aboul  0*085  inch  thick,  answer  well  for  pits  not  exceeding  GOO  feet  deep, 
but  for  greater  depths  the  thickness  of  the  wire  must  be  increased  in 
proportion.  In  the  lower  part  of  the  box  is  fixed  a  mirror,  I),  inclined 
;it  an  angle  of  45  degrees,  and  this  reflects,  in  an  upward  direction,  the 
light  of  a  lam})  placed  opposite  an  opening,  C,  in  the  side  of  the  box.  A 
piece  of  ground  glass  should  be  placed  between  the  lamp  and  the  mirror, 
so  as  to  produce  a  more  uniform  illumination.  These  two  boxes,  with 
their  cross  wires,  are  iixed  upon  the  bar  as  far  apart  as  the  width  of  the 
shaft  will  permit,  and  this  is  seldom  more  than  the  length  of  the  cage, 
from  5  to  10  feet. 

A  well-adjusted  theodolite,  having  a  centering  sand,  is  set  up  about 
20  to  30  feet  distant  from  the  cross  wires,  and  as  nearly  as  may  be  in  a 
line  with  them  ;  the  wires  are  illuminated  by  a  screened  lamp  placed 
behind  them,  and  the  theodolite  is  moved  on  the  centering  plates  until 
both  cross  wires  come  into  an  exact  line  with  the  cross  hairs  in  the 
telescope  as  they  are  brought  alternately  into  correct  focus.  The 
theodolite  is  then  firmly  clamped  in  this  position  ;  and  this  line  of  sight, 
which  will  be  the  base-line  of  all  future  underground  surveys,  is  carefully 
pegged  out  as  far  as  possible  along  the  main  road,  hooks  in  the  roof  and 
plugs  in  the  thill  being  employed  at  each  station  to  secure  the  points, 
and  at  least  three  points  should  be  taken,  so  that  if  one  be  lost  the 
direction  is  still  retained,  and  also  so  that,  if  any  lateral  shifting  of  the 
strata  occurs,  it  is  detected  by  the  three  points  being  no  longer  in  a 
straight  line. 

This  work  being  complete,  the  theodolite  is  left  in  position  while  the 
surface  observation  is  being  made.  Two  lamps  are  placed  opposite  the 
reflectors  of  the  boxes,  so  that  the  cross  wires  are  illuminated  when 
viewed  from  the  surface.  The  observer  now  ascends  the  upcast  shaft  or 
other  second  exit  from  the  mine. 

The  transit-instrument,  with  its  axis  level  and  previously  focussed 
carefully  for  a  distance  equal  to  the  depth  of  the  shaft,  is  pointed  down 
the  shaft  and  the  illuminated  cross  wires  alternately  observed,  the  axis 
of  the  instrument  being  moved  in  azimuth  by  the  Y  screw  (W)  until 
both  the  crosses  are  absolutely  bisected  by  the  cross  hairs  of  the 
telescope,  as  it  is  turned  from  one  to  the  other  :  the  telescope  is  now- 
turned  to  a  horizontal  position,  and  if  a  good  long  sight  can  be  obtained 
along  the  surface  of  the  ground  it  is  pegged  out.     The  writer  has  found 
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that  this  bisection  observation  should  be  repeated  at  least  6  times,  the 
instrument  being  shifted  slightly  in  azimuth  between  each  observation 
and  then  brought  back  to  the  truth,  and  the  observer  should  stand 
alternately  on  either  side  of  the  telescope.  Any  variation  in  the 
position  of  the  horizontal  sights  obtained  should  be  noted  by  pencil 
lines  on  a  distant  board,  and  the  average  position  taken  as  the  true 
direction.  This  line  being  determined,  at  least  three  permanent  plugs 
should  be  put  in  coincident  with  this  line  which  will  form  the  base- 
line for  all  surface-surveys. 

It  frequently  happens  that,  around  the  shaft-mouth,  there  exist 
buildings  or  other  obstructions  preventing  the  direct  line  of  sight  of  the 
transit  from  being  simply  pegged  out  upon  the  surface,  and  in  this  case 
an  angle  must  be  taken  with  a  theodolite.  The  transit  telescope  is  placed 
horizontal  and  the  eyepiece  being  removed  the  cross  hairs  are  illumin- 
ated by  a  lamp,  having  a  ground-glass  screen  placed  near  the  eyepiece- 
tube.  The  theodolite  is  then  set  up  level  with  and  as  nearly  as  possible 
in  a  line  with  the  transit  telescope  and  from  10  to  20  feet  distant  from 
it,  the  telescopes  being  pointed  with  the  object-glasses  towards  each 
other.  On  focussing  the  theodolite,  the  cross  hairs  of  the  transit- 
telescope  should  become  visible,  and  on  turning  the  theodolite  slightly 
on  its  axes,  the  cross  hairs  of  both  telescopes  are  made  to  bisect  each 
other  exactly.  This  being  the  case,  the  lines  of  sight  of  the  two  instru- 
ments are  parallel,  though  not  necessarily  exactly  coincident,  but  as  the 
transit  telescope  (focussed  for  distant  objects)  acts  as  a  collimator,  a 
little  lateral  error  in  placing  the  theodolite  will  not  cause  any  material 
change  in  the  direction  of  the  ba  k  sight  or  alter  to  any  serious  extent 
the  angle  to  be  read.  Therefore,  having  taken  a  back  sight  from  the 
transit  line  the  theodolite  is  turned  in  some  direction  where  a  distant 
sight  can  be  obtained  which  is  then  pegged  off  upon  the  surface.  The 
angle  between  it  and  the  transit-line  is  carefully  noted  each  time  that 
the  bisection  observation  is  made,  and  an  average  of  the  observed  angles 
is  taken  as  the  true  one.  They  should  not  differ  from  one  another  more 
than  about  1  or  1  \  minutes.  A  peg  is  also  put  in  where  the  theodolite 
stands,  and  its  distance  from  the  transit-centre  is  noted,  and  this  com- 
pletes the  connexion.  The  observer  returns  once  more  to  the  shaft- 
bottom  and  observes  that  no  shifting  has  occurred  in  the  direction  of 
the  cross  wires  while  he  was  making  the  surface  observations. 

The  writer  had  occasion  recently  to  make  the  connexion  observation 
in  a  pit  1,500  feet  deep,  in  which  the  cross  wires  could  not  be  placed 
more  than  8  feet   apart;    in  this  case  he  replaced  the  cross  wires  by 
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two  small  electric  lamps,  each  having  small  arched  filaments.  The 
lamps  were  fixed  so  that  the  planes  of  the  filament  were  in  the  vertical 
plane  joining  them  ■  the  axes  of  the  lamps,  however,  were  inclined  at 
an  angle  of  abont  15  degrees,  in  order  that  the  filament  could  he  viewed 
both  vertically  and  horizontally  through  the  spherical  part  of  the 
globe.  This  plan  was  found  to  facilitate  greatly  the  bisection  observa- 
tion, and  can  he  recommended  for  deep  shafts  ;  but  the  lamps  must  he 
small  and  the  filaments  central  in  the  globes,  else  irregular  refraction 
of  the  glass  might  cause  a  slight  error  in  the  result. 

It  happens  sometimes,  though  rarely,  that  the  transit-instrument 
has  to  be  used  with  its  axis  not  truly  horizontal.  In  this  case  the  lines 
of  sight  both  at  the  surface  and  underground  must  he  kept  horizontal, 
so  that  they  may  have  the  same  bearings  on  the  plan. 


The  President  said  the  members  were  indebted  to  Prof.  Liveing  for 
bringing  this  matter  before  them.  In  deep  mines  where  they  had  to 
work  long  distances  underground  a  slight  deviation  in  setting  out  the 
base-line  at  the  shafts  became  of  great  importance  when  they  reached 
distant  boundaries,  and  it  was  therefore  very  necessary  that  every  care 
should  be  taken  in  putting  the  base-line  in  its  proper  position. 

Mr.  John  Nevin  moved  that  a  vote  of  thanks  be  given  to  Mr. 
Liveing  for  bis  paper. 

Mr.  John  Gerrard  said  that  anything  which  could  promote 
accuracy  of  plans  of  mines  deserved  the  consideration  of  mining 
engineers.  He  seconded  the  vote  of  thanks  to  Mr.  Liveing  for  his 
paper. 

The  motion  was  carried. 


ELECTION  OF  OFFICERS  FOE  1899-1900. 
The  scrutineers  reported  the  results  of  the  election  as  follows  :- 

President  : 
Mr.  W.  H.  Chambers. 

Vice-Presidents  : 
Mr.  H.  St.  John  Durnford.  |  Mr.  F.  N.  Wardell. 

Mr.  J.  R.  Robinson  Wilson. 
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Council  : 

Mr.  J.  E,  Chambers.  Mr.  J.  Mellors. 

Mr.  Walter  Haroreayes.  Mr.  H.  B.  Nash. 

Mr.  J.  LtONGBOTHAM.  Mr.  L.  T.  O'SHEA. 

Mr.  J.  L.  Marshall.  Mr.  E.  W.  Thirkelu 

Secretary  and  Treasurer: 
Mr.  T.  W.  H.  Mitchell. 

REPRESENTATIVES    ON    THE    COUNCIL    OF    THE 
INSTITUTION  OF  MINING  ENGINEERS,  1899-1900. 

The  scrutineers  reported  the  result  of  the  election  as  follows  :  — 


Mr.  W.  H.  Chambers. 

Mr.  H.  St.  John  Durnford. 

Mr.  W.  E.  Garforth. 


Mr.  J.  Nevin. 
Mr.  C.  E.  Rhodes. 
Mr.  F.  N.  Wardell. 


The  President  moved  a  vote  of  thanks  to  the  scrutineers  for  their 
services. 

Mr.  E.  W.  Thiukell  seconded  the  resolution,  which  was  cordially 

adopted. 

DISCUSSION    OF    MR.  W.  W.  CLAYTON'S    PAPER  ON  "THE 
USE  AND  ABUSE  OF  COLLIERY  LOCOMOTIVES."* 

Mr.  T.  W.  H.  Mitchell  asked  whether  they  could  use  steel  tubes, 
with  ordinary  colliery  water. 

Mr.  W.  W.  Clayton  replied  that  brass  tubes  were  composed  of  copper 
and  zinc.  If  a  fuel  were  used  containing  a  large  amount  of  sulphur,  the 
tubes  thinned  immediately  in  front  of  the  ferrule  at  the  fire-box  end  of  the 
boiler,  and  collapsed  in  a  few  months.  With  steel  tubes  there  was  do 
trouble  unless  the  water  contained  free  acid.  Iron  and  steel  tubes,  fitted 
with  copper  ends,  were  used  with  the  idea  that  they  could  not  make  ;i 
tight  joint  with  a  steel  tube  in  a  copper  plate  ;  but  that  was  a  mistaken 
opinion,  as  a  tight  joint  could  be  made  in  a  round  hole  if  they  obtained 
metallic  contact.  If  they  inserted  a  tube  covered  with  scale,  the  water 
acted  on  the  scale  and  the  tube  began  to  leak.  They  experienced  trouble 
in  repairing  locomotives,  as  they  could  not  expand  a  steel  tube  into  an 
irregularly-shaped  hole,  as  efficiently  as  they  could  insert  a  brass  or  copper 
tube.  Steel  tubes  had  been  in  use  for  10  years,  and  were  still  serviceable. 
The  same  remarks  applied  to  iron  tubes,  but  they  were  not  so  ductile  as 
steel. 

*   Trema.  Inst.  M.t\,  1899,  vol.  xvii.,  page  212. 
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.Mr.  II.  St,  John  Duiinford  said  that  he  had  used  steel  tubes,  and 
they  had  lasted  I  years,  and  might  last  I  years  more.  The  fuel  used 
contained  much  sulphur. 

.Mr.  Mitchell  enquired  whether  the  steel  tubes  had  copper  ends. 

Mr.  DuKNFORD  replied  that  the  tubes  were  of  steel  throughout. 

The  President  (Mr.  W.  H.  Chambers)  remarked  that  his  experience 
with  regard  to  steel  tubes  had  not  been  favourable.  He  had  tried 
them  both  bare  and  with  copper  sleeves,  but  they  did  not  last  as  loug 
as  copper  tubes.  He  could  corroborate  Mr.  Clayton's  statement  as  to 
the  Bpeedy  deterioration  of  brass  tubes,  and  he  had  adopted  red  metal 
tubes— he  did  not  know  its  constituents— but  it  lasted  much  longer 
than  brass. 

Mr.  M.  H.  Habershon  asked  Mr.  Clayton  to  explain  more  fully  his 
suggestion  about  reducing'  the  number  of  tubes  in  colliery-locomotive 
boilers,  as  the  practice  referred  to  and  condemned  was  in  very  general 
use.  He  thought  that  the  comparatively  low  value  of  the  tube  heating 
surface  was  due  more  to  the  difficulty  of  getting  the  heat  out  of  the 
gases  into  the  tubes  than  in  the  transmission  of  heat  from  the  tubes  to 
the  water.  The  greater  conductivity  of  copper  and  its  durability  with 
bad  water  were  not  the  only  reasons  for  the  general  preference  of  this 
metal  to  steel.  Old  copper  tubes  always  had  a  value,  whereas  worn  out 
steel  tubes  might  be  considered  scrap.  With  steel  tubes,  the  force  used 
to  plug  a  leaky  tube  had  a  tendency  to  develop  incipient  weakness  in 
adjacent  tubes,  but  this  did  not  occur  with  copper  tubes  owing  to  their 
greater  flexibility.  He  had  been  informed  of  a  case,  in  which  steel 
tubes  had  all  gradually  failed  from  this  cause,  and  had  been  replaced  by 
copper  within  2  years.  He  did  not  know  wdiether  any  experience  had 
been  obtained  as  to  the  durability  of  Serve  tubes  in  locomotive  boilers 
in  this  country,  but  they  were  used  elsewhere,  and  an  economy  of  fuel 
equal  to  10  per  cent,  had  been  stated,  and  also  that  there  was  less 
expansion  and  contraction.  AVhere  the  water  and  fuel  used  were 
suitable  for  steel,  perhaps  Serve  tubes  would  be  found  to  give  good 
iv>ults,  although  involving  extra  trouble  in  cleaning.  He  could  confirm 
Mr.  Clayton's  statement  that  in  many  cases  insufficient  provision  for 
expansion  and  contraction  at  the  lire-box  end  was  the  cause  of  failure  in 
colliery-locomotive  boilers. 
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REPORT  OF  COMMITTEE  UPON  RECOVERY-STATIONS. 

With  respect  to  the  establishment  of  recovery-stations,  your 
committee  are  of  opinion  that  stations  should  be  fixed  at  the  following 
centres:— (1)  Sheffield;  Nunnery,  Tinsley,  and  Birley.  (2)  Tanhersley 
and  Wor shorn1 .•  Newton  Chambers,  Wharncliffe  Silkstone,  Barrow, 
Strafford,  and  Hoyland.  (3)  Wombwell :  Houghton,  Darfield,  Mitchell 
Main,  Wombwell,  Cortonwood,  and  Elsecar.  (4)  Mexbro' :  Manvers 
Main,  Hickleton,  Wath,  Denaby,  and  Cadeby.  (5)  Rotherham  :  Thry- 
bergh,  Aldwarke,  Rother  Vale,  Rotherham  Main,  and  Waleswood. 
(6)  Ou  urortk :  Monckton,  Carlton,  Monk  Bretton,  Grimethorpe,  and 
Oaks.     (7)  West  Yorkshire. 

The  following  plant  should  be  supplied  to  each  of  these  centres,  and 
periodical  instructions  should  be  given  in  the  use  of  the  apparatus : — 

Estimate  of  Cost  per  Station. 

£ 
12  pneumataphores     ...  ...  ...         ...  ...         ...         96 

12  electric  lamps  ...         ...  ...          ...         ...         ...         36 

Building  100 

First  cost  £232 

Annual  Cost. 

£ 
1  man  half  his  time,  £1  per  week    ...          ...  ...          ...         52 

Upkeep,  20  per  cent,  on  £232         ...         46 

£98 
Also  the  cost  of  instruction  to  workmen. 

To  carry  out  this  work  fully,  it  would  be  necessary  that  the  plant 
should  be  kept  at  a  colliery  connected  with  the  telephone  and  where 
electric  light  is  used,  so  that  the  required  lamps  could  be  kept 
constantly  charged,  and  one  man  should  be  made  responsible  for  the 
upkeep  and  proper  order  of  the  apparatus.  It  is  suggested  that  the 
colliery  where  the  plant  is  located  should  have  two  men,  in  addition  to 
the  caretaker,  thoroughly  instructed  in  the  working  of  the  recovery- 
apparatus,  and  that  each  colliery  in  the  group  should  arrange  to  send  a 
number  of  men,  on  a  date  to  be  mutually  agreed  upon,  to  practice  in 
each  week,  and  that  these  numbers  and  practices  should  be  constantly 
kept  up. 

The  estimated  cost  of  a  full  plant  is  £250  per  station,  and  upkeep 
say  1:1  <>()  per  annum.  The  defraying  of  this  expense  the  committee 
think  could  be  easily  arranged  among  the  grouped  collieries,  in  addition 
to  the  expense  of  sending  men  over  to  the  station  for  weekly  instruction. 
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The  committee  consider  that  arrangements  could  be  made  with  the 
proprietors  of  the  apparatus  for  the  necessary  preliminary  instructions, 
and  they  would  recommend  that  the  men  selected  from  the  grouped 
collieries  should  be  officials  or  workmen  of  a  practical  character,  and 
that  they  should  be  fully  conversant  with  the  rules  and  regulations  of 
the  Coal  Mines  Regulation  Acts  and  with  all  the  suggestions  laid  out  in 
.Mr.  (iarforth's  paper,"  and  should  be  passed  by  medical  men  as  being 
constitutionally  strong  enough  for  the  work. 

The  committee  also  suggest  that  doctors  who  are  acting  for  the  Coal 
Owners'  Indemnity  Company  should  le  asked  to  assist,  and  if  possible 
attend  a  few  of  the  instruction  classes  with  a  view  to  teaching  those 
present  the  rudiments  of  ambulance  work. 


Mr.  H.  S.  Child e  asked  whether  any  member  of  the  committee  had 
used  the  pneumataphore.  He  thought  that  the  proposed  scheme  was 
drafted  on  too  costly  and  on  too  large  a  scale. 

Mr.  H.  St.  John  Durnford  replied  that  the  committee  had  not 
had  occasion  to  do  so,  fortunately.  He  believed  that  a  pneumataphore 
had  been  shown  at  South  Kirkby  colliery  with  very  satisfactory  results, 
and  that  was  the  only  occasion  where  one  had  been  used  in  Yorkshire. 

Mr.  J.  Gerraiid  said  that  the  establishment  of  a  station  in  South 
Yorkshire  and  another  in  West  Yorkshire  was  very  desirable,  and  in  that 
w.iy,  ultimately,  they  might  attain  the  number  of  stations  suggested  by 
the  committee. 

Mr.  E.  \Y.  Thirkell  thought  that  the  scheme  of  the  committee 
was  ambitious,  and  that  it  would  not  be  desirable  to  buy  a  pneumataphore 
unless  the  members  were  assured  that  they  should  be  able  to  get  men  to 
use  it. 

Mr.  C.  C.  Ellison  said  that  the  committee  had  not  had  the 
pneumataphore  in  the  pit,  but  he  had  seen  it  used  in  Germany  under 
most  trying  circumstances,  and  the  work  done  by  the  men  registered. 
The  stations  should  be  maintained  at  collieries,  where  the  pneumataphores 
could  be  looked  over  by  a  man,  who  would  keep  them  in  order.  If 
the  station  was  placed  in  a  village,  the  cost  would  be  much  greater. 
If  the  workmen  had  to  travel  to  Leeds  to  the  station,  they  would  not 

*  Tran*.  Inst.  M.E.,  1897,  vol.  xiv.,  page  495. 
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get  the  same  opportunities  of  practice  as  if  they  had  a  station  at  a 
convenient  colliery.  He  did  not  think  that  there  was  a  better 
instrument  than  the  pneumataphore  in  use  on  the  Continent  or 
anywhere  else. 

Mr.  W.  E.  GrARFORTH  thought  that  there  would  be  no  difficulty  in 
introducing  the  use  of  the  pneumataphore  and  in  ascertaining  the  best 
means  of  employing  oxygen  and  other  appliances  which  would  be  found 
useful  in  recovering  underground  workings  after  an  explosion.  Judging 
by  the  success  which  had  attended  the  St.  John's  ambulance  movement, 
there  should  be  no  difficulty  in  obtaining,  for  training  purposes,  the  use 
of  suitable  buildings  from  local  authorities  in  the  small  towns  or  villages 
connected  with  the  mining  centres.  In  the  meantime,  an  experimental 
gallery,  with  suitable  outlets  and  windows  to  reduce  or  avoid  the  chance 
of  an  accident,  might  be  constructed,  with  the  floor  made  very  uneven 
to  represent  the  debris  from  the  falls  of  roof  usually  met  with  in  roads 
traversed  by  an  explosive  blast.  When  such  a  gallery  had  been  erected 
on  the  surface,  and  tilled  with  noxious  fumes,  then  the  would-be 
explorers  should  be  supplied  with  the  pneumataphores  and  penetrate  the 
same  :  and  he  believed  that,  although  they  might  only  be  able  the  first 
time  to  go  a  short  distance,  it  would  not  be  very  long  before  they  became 
so  accustomed  to  the  use  of  the  apparatus  that  they  would  be  able  to 
traverse  several  lengths  of  the  gallery.  In  this  way  the  men  would  train 
themselves  to  know  to  what  extent  they  could  undertake  the  exploration 
of  a  road  down  the  pit.  If  this  experiment  could  be  practically  carried 
out,  he  thought  that  the  knowledge  gained  thereby  would  be  sufficient  to 
warrant  the  committee  in  adopting  further  tests,  not  only  in  the  use  of 
the  pneumataphore,  but  in  other  appliances  which  might  be  found  useful 
in  recovering  a  mine  after  an  explosion. 

The  President  (Mr.  W.  If.  Chambers )  thought  that  the  committee 
should  be  asked  to  arrange  for  a  practical  demonstration  of  the  use  of 
the  pneumataphore. 

Mr.  W.  E.  Garforth  said  that,  in  the  absence  of  any  other  proposal, 
he  was  prepared  to  otter  facilities  at  the  West  Riding  collieries  for  trials 
of  the  pneumataphore  something  on  the  lines  suggested. 

The  President  said  that  no  doubt  the  committee  would  accept  Mr. 
( I  arforth's  offer. 
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DISCISSION  OF  MR.  L.  T.  O'SIIEA'S  PAPER  ON  "THE 
SAFETY  OF  MODERN  MINING  EXPLOSIVES,  WITH 
SPECIAL   REFERENCE  TO  METHODS  OF  TESTING." 

The  President  (Mr.  W.  FT.  Chambers)  remarked  that  at  the  Wool- 
wich testing-station  there  was  no  facility  for  photographing  the  flames, 
nor  any  other  information  as  to  the  danger  of  using  explosives.  Under 
these  circumstances  mining  engineers  would  agree  that  it  was  desirable 
to  erect  a  testing-station  where  they  could  have  the  explosives  tested  on 
a  proper  scale,  under  conditions  as  nearly  as  possible  approaching  those 
under  which  they  were  used  in  mines.  It  was  generally  recognized  that 
mining  engineers  did  not  accept  with  confidence  the  results  of  the 
Woolwich  experiments,  and  that  they  would  prefer  to  carry  on  experi- 
ments in  their  own  way. 


Mr.  H.  St.  John  Durnford  remarked  that  Mr.  O'Shea  stated  that 
explosives  on  the  "  permitted  list "  were  only  comparatively  safe,  and 
that  it  was  for  mining  engineers  to  consider  which  in  their  opinion  was 
safest.  He  understood  that  an  absolutely  safe  explosive  had  not 
been  found.  Recently  an  explosive  had  been  taken  off  the  "  permitted 
list,"  and  he  had  not  the  slightest  doubt  that  there  were  others  which, 
if  properly  tested,  should  also  be  removed.  Detonators  had  been  for  a 
long  time  the  most  dangerous  part  of  the  explosive.  Ordinary  explo- 
sives were  safe  to  carry  in  the  hand,  but  detonators  were  not  safe,  and 
he  wrelcomed  the  rule  to  keep  detonators  in  a  locked  case.  He 
had  kept  detonators  in  a  separate  case  from  explosives,  and  now  that 
they  were  to  be  kept  in  locked  cases  they  could  not  be  used  by 
unauthorized  persons. 

Mr.  I.  Hodgks  (Whitwood)  said  that  the  miners  sometimes  kept 
detonators  stored  in  the  roadways  of  the  colliery.  It  would  be  desirable 
if  the  miners  could  store  the  detonators  after  purchase  from  the  company, 
before  taking  them  away  for  use  in  the  mine. 

Mr  L..  T.  O'Shea  said  it  had  been  shown  that  if  they  took  an 
explosive,  the  safety  of  that  explosive  with  regard  to  the  ignition  of 
tire-damp  in  mines  depended  upon  the  weight  of  the  explosive  which  was 
present.  Experiments  made  in  Germany  had  shown  that,  by  increasing 
the  charge  in  the  shot-hole,  they  could  eventually  reach  a  maximum 
charge  with  which  fire-damp  would  be  ignited  by  any  safety-explosive. 
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There  was  a  particular  maximum  of  weight  for  each  explosive,  beyond 
which  they  could  not  go  without  ignition  taking  place.  The  weights 
used  in  Germany  varied  between  7  and  8  ounces,  but  in  Great  Britain 
from  2  to  2  J  ounces  of  explosive  were  tested,  and  the  only  explosive 
which  would  ignite  fire-damp  with  a  weight  of  2^  ounces  were  dynamite 
and  blasting  gelatine,  the  use  of  which  hal  long  ago  been  discarded  in 
coal-mines.  By  thj  last  Home  Office  Order,  argus-powder  hud  been 
removed  from  the  "  permitted  list,"  which  showed  that  in  one  case  at  least 
the  doubts  of  mining  engineers  as  to  the  efficiency  of  the  Home  OiKce 
test  were  justified.  In  his  opinion  no  test  was  satisfactory  which  did 
not  afford  the  means  of  comparing  the  safety  of  different  explosives 
when  weights  equal  to  those  used  in  actual  blasting  were  fired. 


The  Annual  Dinin  r  was  held  in  the  evening  at  the  Queen's  Hotel, 
Leeds. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING. 
HiiD  at  the  Bull  Hotel,   Wakefield,  November  25th,  1899. 


Mb.   W.  H.  CHAMBERS,  President,   in  the  Chair. 


The   minutes    of    the    previous    General    Meeting   were   read   and 
confirmed. 

The   following   gentlemen    were    elected,    having    been    previously 

nominated  : — 

Members — 

Mr.  Geo.  Wm.  Bousfield,  Electrical  Engineer,  Altofts,  Normanton. 
Mr.  Stephen  Bcrridge,  Mechanical  Engineer,  25,  Change  Alley,  Sheffield. 
Mr.  David  Cdrrie,  Mining  Engineer,  3,  Great  Winchester  Street,  London,  E.C. 
Mr  John  Arthur  Dayson,  Colliery  Engineer,  Housley  Villas,  Chapeltown, 

Sheffield. 
Mr.  Herbert  Anthony  Evans,  Mining  Engineer,   19,  Windsor  Esplanade 

Cardiff. 
Mr.  Geo.  P.  Kell,  Mining  Engineer,  Warren  House,  Barnsley. 
Mr.  Robert  Robson,  Colliery  Manager,  North  Road,  Ravensthorpe. 


Mr,  W.  H.  Chafers  (Denaby  and  Cadeby  Main  Collieries)  read  the 
following  "  Notes  on  (Job-fires  ": — 


20 


264  NOTES  ON  GOB-FIRES. 


NOTES  ON  GOB-FIRES. 


r>v  W.  H.  CHAMBERS. 


Iii  deference  to  numerous  requests  the  writer  ventures  to  describe  to 
the  members  some  of  his  experiences  of  gob -fires,  which  are  undoubtedly 
one  of  the  most  dreaded  contingencies  of  the  unavoidably  perilous 
operation  of  coal-mining.  A  desirable  object  will  be  attained  if  the 
reading  of  this  paper  promotes  consideration  and  discussion  of  the 
subject,  and  more  especially  if  members,  who  have  had  to  contend  with 
exceptional  difficulties  of  this  character,  will  co-operate  with  the  author 
in  carrying  out  his  object.  Perhaps  the  greatest  of  all  benefits  to  be 
derived  from  associations  of  this  character  is  to  render  assistance  and 
support  to  mining-engineers  who  may  be  so  unfortunate  as  to  be  placed 
in  perplexing  situations  where  they  will  be  glad  to  rely  in  some  measure 
on  the  expressions  of  opinion  and  experience  of  others  who  have  been 
similarly  circumstanced. 

The  exhaustion  of  the  more  accessible  portions  of  the  coal-seams 
renders  it  necessary  to  follow  them  to  greater  depths,  and  it  is  certain 
that  continually  enhanced  liability  to  gob-fires  will  be  incurred  in  a 
corresponding  ratio,  and  it  is  an  incident  that  will  tax  the  ingenuity  of 
the  mining-engineer  in  devising  means  of  prevention  as  well  as  of  cure. 

(1)  One  of  the  writer's  earliest  experiences  of  gob-fires  was  upwards 
of  30  years  ago,  when  he  had  an  opportunity  of  seeing  an  attempt  to 
extinguish  a  fire  which  had  broken  out  in  the  workings  of  a  colliery 
near  Rotherham,  belonging  to  Earl  Fitzwilliam.  In  this  case,  carbon 
dioxide  was  generated  by  passing  atmospheric  air  through  a  coke-and- 
lime  fire,  and  it  was  forced  in  pipes  down  the  shaft,  which  was 
otherwise  sealed.  This  operation  went  on  constantly  for  some  weeks, 
and  then  the  shafts  were  completely  closed,  and  kept  so  for  many  months. 
When  it  whs  considered  that  a  sufficient  time  had  elapsed,  the  shafts 
were  opened  and  ventilation  restored,  but  by  the  time  the  atmosphere 
in  the  workings  was  such  as  to  allow  of  an  inspection  being  made,  it  was 
found  that  the  fire  was  burning  as  fiercely  as  ever.  The  writer,  then, 
arrived    at   the    conclusion    that  the   experiment    failed   because    there 
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was  do  alteration  (after  the  restoration  of  ventilation)  in  the  conditions 
which  enabled  combustion  to  proceed,  that  the  carbon  dioxide  merely 
suspended  the  burning,  the  fire  simply  becoming  latent  when  deprived 
of  oxygen. 

Tins  system  would  be  effective  under  ordinary  conditions  in 
extinguishing  fire,  as  the  heat  generated  by  the  previous  combustion 
would  be  abstracted  from  the  incandescent  material  and  be  otherwise 
diffused,  but  in  a  mine,  covered  by  so  vast  a  thickness  of  strata  of  low 
conductivity,  the  temperature  would  be  maintained  for  a  very  long  period 
of  time.  It  follows,  therefore,  that  no  method  will  be  applicable  to  the 
extinction  of  underground  fires  unless  (1)  means  are  provided  for  cooling 
the  hot  material,  by  the  application  of  substances  which  will  absorb  the 
heat  until  the  temperature  is  lowered  to  such  a  degree  that  combustion 
entirely  ceases  in  a  natural  atmosphere,  or  (2)  by  the  removal  of  the 
combustible  material  from  the  influence  of  the  heat. 

(2)  Denaby  Main  Colliery. — Another  instance,  in  the  opinion  of  the 
writer,  confirming  the  conclusion  to  which  reference  had  been  made,  was 
the  case  of  a  gob-fire,  which  eventually  became  of  such  magnitude  as  to 
cause  the  abandonment  of  the  whole  of  the  then  existing  workings  at 
Penaby  Main  colliery  in  1879.  Futile  attempts  had  been  made  to 
confine  a  fire  which  was  discovered  in  an  old  waste  in  the  longwall 
workings,  by  blocking  up  the  roads  communicating  with  it.  For  a  few 
weeks,  no  indication  of  the  spreading  of  the  fire  was  perceived,  but 
it  then  made  itself  evident  beyond  the  stoppings,  which  were  intended 
to  limit  it.  It  was  then  covering  so  large  an  area  that  it  became 
unsafe  for  the  working  of  coal  to  be  continued,  and  the  whole  of  the 
workings  were  sealed  by  means  of  stoppings  built  in  the  two  main 
roads  about  450  feet  from  the  shaft-bottom  (Fig.  1,  Plate  VI.).  None 
of  the  coal  to  the  dip-side  of  the  shafts  had  up  to  that  time  been  opened 
out,  .and  the  men  were  transferred  thither  as  quickly  as  room  could 
be  made  for  them.  A  substantial  pillar  of  coal  wTas  left,  to  isolate  the 
new  from  the  old  workings. 

In  1882,  a  drift,  C  D  (Fig.  1,  Plate  VI.),  was  commenced,  in  order 
to  obtain  access  to  that  portion  of  the  coal  which  lay  to  the  rise  of 
the  shaft,  the  working  of  which  had  been  suspended.  The  road  was 
driven  in  the  bind  constituting  the  roof  of  the  seam,  and  about  10  feet 
above  the  coal.  When  the  drift  reached  the  point,  E,  above  the  site  of 
a  few  stables,  fire  was  discovered  on  the  left-hand  side  in  the  heading. 
The  whole  of  the  floor  of  the  drift  was  then  excavated  to  the  thill  of 
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the  seam,  and  a  brick  wall,  2  feet  thick,  was  built  therefrom  to  the  hard 
roof  of  the  drift,  care  being  taken  to  rip  down  any  of  the  rock  that 
appeared  to  be  "drawn."  The  wall  was  then  continued  back  until  it 
joined  the  shaft-pillar.  This  wall  was  backed  with  a  thickness  of  2  to 
3  feet  of  sand,  the  bottom  also  was  filled  with  sand  to  within  6  feet  of 
the  roof,  and  the  driving  of  the  drift  resumed. 

When  the  cross-road  or  No.  1  jinney  was  reached,  fire  was  again 
encountered.  A  stopping  was  built  in  the  road  on  the  left-hand  side 
of  the  drift,  and  the  bottom  of  the  drift  was  taken  out  from  E,  onwards, 
the  wall  and  sand-backing  being  continued  to  the  face  of  the  drift  on 
both  sides. 

The  driving  of  the  drift  was  then  resumed  in  the  coal,  the  roof  being 
taken  down  to  the  hard  top  stone,  about  18  or  20  feet  high,  and  all  the 
hot  coal  was  abstracted  to  the  level  on  the  right-hand  side  of  the  drift, 
the  space  being  packed  as  tightly  as  possible  with  stone  and  sand.  The 
walls  on  both  sides  were  kept  as  near  the  face  of  the  drift  as  possible. 
As  the  drift  advanced  the  fire  became  worse. 

By  the  time  B  was  reached,  the  whole  of  the  excavation  was  red  hot 
up  to  the  fault.  At  this  point,  a  stone- drift  had  been  driven  through 
the  fault  to  win  the  seam  above.  A  brick-stopping  was  built  in  the 
cross-drift  at  A ;  and  the  fire  having  passed  up  it  and  ignited  the  coal 
on  the  rise  side  of  the  fault,  a  heading  was  driven  round  this  fire,  and  a 
wall,  backed  with  sand,  2  feet  thick,  was  built  to  confine  it.  This  road 
was  kept  open  for  the  purpose  of  enabling  an  examination  to  be  made,  and 
to  allow  of  ventilation  to  cool  the  wall.  At  intervals  round  the  wall, 
h  inch  tubes  were  inserted,  and  through  these  water  was  poured  con- 
tinually upon  the  fire.  The  area  enclosed  by  the  wall  was  about  \  acre 
in  extent. 

When  the  old  goaf  was  reached  at  F,  it  was  found  to  be  very 
solid,  and  the  fire  not  having  penetrated  into  it,  the  walling  was  dis- 
continued. No  evidence  of  fire  was  observed  while  crossing  the  old 
goaf,  but  immense  volumes  of  carbon  dioxide  were  liberated,  whenever 
an  old  gate-road  was  encountered.  Great  difficulty  was  experienced  in 
keeping  the  atmosphere  clear  enough  of  this  gas,  for  men  to  work  therein, 
although  about  120  cubic  feet  of  air  per  minute  was  forced  through 
pipes  laid  alongside  the  drift  to  the  face.  This  gas  poured  out  of  the 
crevices  in  the  sides  of  the  road  for  several  weeks  after  exposure.  After 
the  drift  had  joined  a  heading  driven  in  the  coal  round  the  old  workings, 
a  current  of  40,<)0<>  cubic  feet  of  air  per  minute  was  passed  through 
it. 
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Soon  after  this  connexion  was  effected,  stink  was  evidenl  al  G,  and 
a  heading  was  driven  towards  No.  1  jinncy.  After  this  had  been  dri 
aboat  60  feet,  lire  was  found  in  breaks  in  the  coal,  and  the  whole  of  the 
coal  over  an  area  of  about  h  acre  was  worked  until  it  was  found  to  be 
cool.  Subsequently,  portions  of  the  wall  on  both  sides  of  the  drift  from 
B  to  h\  frequently  became  hot,  and  were  broken  into,  so  as  to  remove 
the  lire  from  behind. 

On  one  occasion,  an  excavation  had  been  made  for  a  length  of  about 
9  feet.  About  midnight,  a  man  was  engaged  filling  hot  dust  out  of  it, 
when  about  a  shovelful  of  sand  fell  from  above  upon  his  head.  The  man 
immediately  went  out  and  sat  in  the  drift,  and  after  some  minutes  com- 
plained to  his  mate  that  he  felt  faint  and  ill.  As  he  did  not  appear  to 
recover,  his  mate  took  him  out  of  the  pit  and  so  home.  A  doctor, 
who  came  to  attend  to  him,  found  him  lying  unwashed  on  a  sofa  ;  he 
told  him  to  wash  and  go  to  bed,  and  that  he  would  send  him  medicine. 
AVhen  the  medicine  arrived  about  an  hour  afterwards,  he  took  the  pre- 
scribed doses,  but  remained  on  the  sofa.  His  mate  on  leaving  work  about 
6  a.m.  called  to  see  how  he  was  getting  on  ;  he  replied  that  he  did  not 
feel  much  better,  and  almost  immediately  sighed  and  died.  At  the 
inquest  the  doctor  stated  that  death  was  the  result  of  carbon  monoxide 
poisoning,  and  a  verdict  was  returned  accordingly. 

This  death  is  the  only  instance  resulting  from  the  effects  of  this  gas 
in  the  operations  conducted  under  the  direction  of  the  writer.  Frequently, 
men,  after  wrorking  at  a  fire,  have  appeared  to  recover  after  being  about 
20  minutes  in  fresh  air,  and  then  suddenly  become  unconscious.  Such  is 
the  dangerous  character  of  this  gas,  and  special  care  must  be  taken  to 
prevent  workmen  from  inhaling  it. 

(3)  Fire  Occvrrmg  in  a  Waste  (Fig.  2,  Plate  VI.). — Two  districts  of 
workings  had  approached  each  other  from  opposite  directions,  and  the 
"wastes"  having  broken  behind  each  face,  the  roof  strata  remaining  were 
supported  by  the  last  rib  of  coal,  67,  preventing  the  goaf  from  becoming- 
solid.  Consequently,  the  space  remaining  around  the  rib  of  coal  allowed 
of  the  admission  of  sufficient  air  so  as  to  cause  oxidation  of  the  coal,  but 
insufficient  to  carry  off  the  heat  generated.  The  temperature  gradually 
increased  until  the  inoandescent  point  was  reached,  and  then  rapid  com- 
bustion ensued.  The  first  indication  was  the  usual  smell  of  distillation 
at  the  point,  A,  on  No.  17  gate-road.  An  airway  (No.  66  level)  allowed 
of  the  quick  laying  of  a  tram-road  and  water-pipes,  so  that  tubs  were 
soon  taken  to  the  point,  A.     Here,  the  end  of  an  old  road,  //,  and  the 
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place  A  (\  were  standing-  open  and  full  of  white-damp.     While  the  work 
of  clearing  the  road  from  K  to  A  was  in  progress,  a  road  was  scoured 
from  E  to  ( '.     In  the  meantime,  water  was  put  on  the  hot  goaf  at  C, 
which  caused  white-dam])  fco  pour  out  at  B,  upon  the  workers  at  C,  some 
of  whom  were  temporarily  overcome  but  extricated  by  their  fellows,  and 
for  some  time  a  pulsating  issue  of  this  gas  was  noticed  from  B  to  A.     A 
man  was  therefore  appointed  to  watch  the  point  A,  and  when  the  white- 
dump  began  to  move  all  the  men  were  withdrawn  from  the  place   0. 
AVhen  the  junction  of  the  places  0  and  E  was  effected,  the  white-damp 
was  quickly  cleared  away  and  the  fire  brightened.      It  was  now  possible 
to  get  near  the  fire  and  to  damp  it  down  with  water,  of  which  the 
pipes  (1  inch  in  diameter)  laid  from  the  shaft  afforded  an  ample  supply. 
The  work  gradually  progressed  towards  G,  where  a  small  pillar  of  coal  was 
found.     Roads  were  scoured  round  and  through  the  seat  of  the  fire,  now 
cooled  by  water,  to  H  at  the  bottom  of  the  18  feet  fault.     The  working 
out  of  the  broken  tops  coal  and  the  running  of  the  small  broken  shale  and 
bind  lying  above  it,  exposed  the  face  of  the  fault  up  to  the  coal-seam, 
and  another  pillar  of  coal,  7,  was  discovered.     This  pillar  was  removed 
after  the  fire  was  extinguished.     The  roads  driven  and  scoured,  enclosed 
the  heated  ground,  and  cut  it  up  into  small  blocks,  allowing  of  the  free 
circulation  of  air  through  and  round  it.     No  indications  of  fire  have  since 
been  evident  in  the  vicinity.      Fig.  3  (Plate  YI.)  shows  a  section  of 
the  Barnsley  coal-seam  and  the  strata  immediately  overlying  it. 

The  coal  is  worked  on  the  long  wall  system,  the  gate-roads  being 
spaced  120  feet  apart,  and  supported  on  either  side  by  stone  pack-walls 
7^  feet  wide,  built  up  to  the  tops  coal.  Behind  the  gate-road  pack-walls 
is  a  waste  21  feet  wide  ;  then  a  pack-wall  6  feet  wide,  also  built  up  to  the 
tops  coal ;  then  another  21  feet  waste  and  6  feet  pack-wall ;  and  so  on. 
Thus  there  are  4  wastes  each  about  21  feet  wide,  and  3  pack-walls  each  6 
feet  wide,  between  each  gate-road.  Owing  to  the  very  friable  nature  of 
the  shaly  bind,  varying  from  8  to  18  feet  in  thickness  above  the  coal- 
seam,  the  tops  coal  is  not  worked  in  the  stalls,  but  is  propped  up  by 
timber  and  supported  by  the  pack-wralls.  After  a  fall  has  been  taken  off 
the  face,  new  timber  set,  and  the  pack-walls  advanced,  the  rows  of  back 
timber  are  drawn,  allowing  the  tops  coal  to  break  into  the  wastes  ;  and 
this  is  usually  followed  by  a  large  amount  of  the  shale  lying  above  the 
coal-seam.  All  the  available  coal  is  then  taken  out  of  the  goaf,  but  that 
over  the  pack-walls  is  so  crushed  that  it  is  abandoned,  and  in  fact  it 
would  be  dangerous  to  attempt  its  extraction.  The  rock,  lying  above  the 
Bhale,  gradually  bends  or  breaks  down  in  large  masses,  and  the  goaf 
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ordinarily  so  m  becomes  solid  and  airtight.  The  conditions, however,  are 
different  when  two  workings  approach  each  other,  for  then  the  broken 

root'  fulls  hack,  each  way,  and  is  at  last  supported  in  something  like  the 
form  sketched  (Fig.  3,  Piute  VI.).  The  old  workings  remains  very 
open  for  a  considerable  time,  the  hind  and  shale  at  the  junction  forming 
merely  a  light  covering  over  the  broken  small  coal  left  among  the 
pack-walls,  abandoned  props,  and  ribs  of  coal,  if  any. 

Then  occurs  a  condition  under  which  spontaneous  combustion 
originates.  By  the  arrangement  of  doors,  sheets  or  falls  in  wind-roads, 
intake  or  return  airways,  it  may  be  possible  to  force  sufficient  air  into  the 
open  waste  so  as  to  cause  oxidation  of  the  broken  coal,  but  insufficient 
to  carry  oft'  the  heat  generated,  and  then  the  trouble  with  fire  begins. 

It  will  be  fairly  easy  to  deduce  the  cause  of  the  outbreak  from  the 
explanation  of  the  situation  of  this  fire  and  a  reference  to  the  plans. 

(4)  "Roundabout"  Fire  extinguished  in  1892. — After  the  last- 
mentioned  fire  had  been  successfully  negotiated,  it  was  decided  to 
attempt  to  extinguish  the  fire  which  was  walled  round  as  previously 
described  (2),  and  was  continuously  a  source  of  anxiety  and  danger. 
The  remnant  of  the  walls,  A  X  and  E  F,  built  to  restrict  the  fire, 
are  shown  in  Fig.  4  (Plate  VI.).  This  effort  proving  ineffectual,  on 
account  of  the  heat  working  through  fissures  in  the  roof  and  igniting 
the  surrounding  coal,  it  had  been  again  confined  by  the  walling, 
H  D  K  G.  The  passage  was  well  ventilated  and  inspected  twice  during 
every  shift,  and  every  crack  which  allowed  air  or  gas  to  pass,  was  carefully 
plastered.  Notwithstanding  the  long  period  that  had  elapsed  since  the  fire 
was  sealed,  the  heat  of  the  wall  and  in  the  passage  indicated  that  the  fire 
was  in  no  way  abated. 

Entries  were  made  at  A,  B,  C,  D  and  F,  and  the  fire,  where  found, 
was  damped  down  and  filled  out.  The  hottest  part  was  found  at  an  old 
brickwork  arch,  where  the  heat  was  so  intense  that  coke-rakes,  15  feet 
in  length,  were  used  to  rake  the  mass  down,  in  order  to  throw  water 
upon  it.  The  water  was  sparingly  used,  as  the  strata  were  so  hot 
after  about  15  years  of  burning,  that  when  cooled  too  quickly  there 
was  danger  from  falls.  Gradually  the  area  of  the  fire  was  limited,  all 
the  coal,  possible  to  get,  was  filled  out,  brickwork  pillars  were  built  to 
assist  girders  in  supporting  the  roof,  and  the  whole  area  of  the  fire  was 
honeycombed  with  passages. 

The  cooling  down  to  normal  temperature  took  many  months.  A 
thermometer  hung  in  the  return  airway,  near  K,  registered  90°  Fahr., 
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but  the  temperature  is  now  normal.  The  thick  lines  indicate  walls  and 
heading!  driven  to  get  at  the  fire,  and  the  thin  lines  show  the  old 
workings. 

(5)  Not  long  after  the  above  fire  was  cooled,  another  was  found 
at  M,  among  the  slips  of  a  fault  on  the  opposite  side  of  the  drift 
(Fig.  4,  Plate  VI.).  This  was  followed  into  the  coal,  until  it  reached 
some  stables  (which  had  been  arched)  and  an  old  level  filled  with 
debris.  This  fire  was  very  quickly  got  under.  Headings,  in  the  coal, 
were  driven  enclosing  it,  then  the  heated  portions  were  attacked  in  detail, 
and  cooled  down. 

(G)  Fig.  ">  (Plate  VI.)  is  a  plan  of  a  portion  of  the  extreme  dip 
workings  where  a  fire  occurred  at  F  during  a  strike  of  the  workmen  in 
1885,  and  BAG  was  the  line  of  face  of  some  down-hill  stalls.  The 
ventilation  took  the  course  indicated  by  the  arrows  down  the  engine- 
plane,  and  along  the  working-faces. 

A  fall  occurred  at  A  and  before  the  obstruction  could  be  removed,  the 
coal  and  shale  in  the  fall  became  ignited  and  set  fire  to  the  solid  coal. 
No  pitmen  could  be  prevailed  upon  to  render  any  assistance  (owing 
to  the  strike),  and  efforts  were  made  for  a  fortnight  with  the  help 
of  surface-hands  to  subdue  it.  The  air  and  smoke  were  turned  by  the 
nearest  direction  to  the  airway,  JJ,  and  the  fire  attacked  from  C.  For 
about  120  feet,  along  the  face,  the  passage  was  so  small  that  it  barely 
afforded  crawling  room,  and  as  this  was  the  only  access  to  the  seat  of  the 
fire  no  time  could  be  spared  to  enlarge  it,  especially  as  it  was  liable 
to  falls  which  might  have  imprisoned  the  men  who  were  endeavouring  to 
make  a  communication  with  the  gate-road,  A.  The  fire  spread  with  such 
rapidity  that  it  was  eventually  decided  to  flood  the  district  with  water 
syphoned  from  the  river  by  the  steam-pipes  feeding  the  underground 
hauling-engine,  from  which  they  were  disconnected  at  the  bottom  of  the 
shaft.  When  the  workings  were  inundated  to  the  level  marked  "  flood- 
line,"  the  fire  was  extinguished. 

During  the  operations,  difficulty  was  experienced  in  keeping  the 
air  passing  through  the  fire  from  becoming  explosive,  by  reason  of 
fi re-damp  mixing  with  it.  No  other  air-course  being  open,  all  the 
ventilating  current  of  that  portion  of  the  workings  had  to  be  passed 
through  the  fire  (and  acted  as  a  blast  on  a  furnace),  and  the  volume  of 
air  was  limited  by  the  fall  to  such  an  extent  as  only  to  just  sufficiently 
dilute  the  fire-damp  given  off.  The  wisdom  of  providing  an  alternative 
course  for  the  the  ventilation  in  all  parts  is  clearly  apparent. 
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(7)  Fig.  6  (Plate  VII.)  represents  a  place,  where  a  fire  occurred  in 
181' I.  A  uew  airway  was  being  driven  through  the  goaf,  arib  of  coal 
was  approached,  and  before  it  was  reached,  it  took  fire.  The  openings 
made  into  the  seat  of  the  fire  are  shown  by  thick  lines.  The  roof  was 
very  bad,  and  although  iron  piles  were  driven  into  the  loose  debris 
to  keep  it  up,  falls  were  frequent,  and  slow  progress  was  made.  The  shale 
was  of  an  oily  character,  it  burnt  perhaps  more  freely  than  coal,  and 
emitted  a  very  poisonous  gas.  This  was  particularly  so  in  this  case, 
perhaps  owing  to  the  small  extent  of  the  workings,  surrounded  by  goaf  on 
all  sides,  and  the  shale  and  coal  were  crushed  very  small. 

(8)  Fig.  7  (Plate  VJT.)  shows  the  situation  of  a  fire  which 
originated  in  1895  during  a  strike  of  the  surface-workmen.  The  pitmen 
were  available  for  the  work.  A  rib  of  coal  had  been  left,  and  a  new- 
working  approached  it  along  the  side  of  the  goaf. 

(9)  In  another  case,  a  wedge-shaped  piece  of  coal  4  feet  wide  at  one 
end,  pointed  at  the  other,  and  7  feet  long,  had  been  left  between  two 
faults  at  the  split,  (Fig.  8,  Plate  YJL).  An  airway  was  cut  through 
the  base  in  line  with  an  advancing  stall,  the  coal  fired  at  the  smaller 
fault,  and  ignited  the  debris  on  the  intake  side.  The  means  adopted  for 
isolating  and  extinguishing  it  are  shown  by  the  thick  black  lines. 

(10)  Fig.  9  (Plate  VII.)  shows  a  narrow  piece  of  coal  which  was 
being  worked  from  two  directions  at  right  angles  to  each  other,  so  as  to 
get  it  quickly  removed  and  reduce  the  chance  of  fire.  The  roof  would 
not  stand  this  system,  and  No.  45  stall  fell  in  before  the  rib,  A,  could  be 
removed.  An  attempt  was  made  to  open  No.  46  stall  round  the  top  side 
of  the  rib.  A  heavy  fall  occurred  at  B,  stopping  the  ventilation,  and 
before  this  could  be  restored,  a  fire  broke  out  at  67,  while  No.  45  stall 
was  filled  with  fire-damp  at  D  and  black-damp  at  E.  The  fire  burnt 
until  the  whole  of  the  rib  of  coal  was  removed. 

(11)  In  this  case,  (Fig.  10,  Plate  VII.),  the  old  workings  had  been 
closed  for  3  years  and  it  might  have  been  supposed  that  they  had 
become  settled.  The  smell  of  fire  was  first  noticed  at  A,  and  the  following 
day  at  B,  proving  that  there  were  two  communications  for  air.  Roads 
were  driven  in  order  to  surround  the  fire  completely,  and  it  was  then  cut 
up  and  filled  out.  The  fire  was  discovered  on  July  27th,  and  operations 
were  completed  on  August  30th,  1899.  Three  shifts,  of  14  men  in  each, 
were  engaged  in  its  removal. 

21 
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(12)  Very  shortly  afterwards,  another  stink  or  smell  of  fire  was  found 
at  JA,  and  the  usual  enclosing  roads  being  driven  (J/  iV,  0  P,  and  N  P) 
and  joined,  the  fire  was  found  at  the  foot  of  a  pack-wall.  As  the  roof- 
shale  was  very  loose,  roads  were  made  upon  the  top  of  it,  under  the  rock, 
and  a  plentiful  sprinkling  of  water  prevented  the  heat  from  spreading. 
This  fire  was  extinguished  in  10  days,  on  October  28th,  1899. 

(13)  Fig.  11  (Plate  VII.)  represents  a  portion  of  the  workings  in 
the  east  engine-plane  district  where  a  fire  occurred  in  1896.  A  faint 
smell  as  of  paraffin  was  observed  at  A ,  and  a  scouring  was  immediately 
commenced  in  order  to  locate  the  source  of  the  trouble.  When  the  pack- 
wall  was  penetrated,  the  goaf  was  found  to  be  broken  up  to  the  hard 
rock,  and  full  of  white-damp.  Another  road  was  scoured  from  R  to  C, 
which,  although  very  hot,  produced  no  further  evidence  of  fire,  although 
it  spread  to  this  road  afterwards.  As  the  latter  road  progressed  a 
communication  was  made,  at  E  and  67,  into  the  open  goaf  in  order  to 
clear  it.  When  this  was  effected,  the  road,  commencing  at  A,  was 
pushed  forward  over  the  broken-down  shale,  and  water  freely  poured  upon 
the  hot  debris  below.  On  the  road,  B  C,  reaching  the  old  goaf,  which  was 
solid  and  cool,  the  scouring  was  continued  to  D,  where  a  rib  of  coal  was 
encountered  This  had  not  taken  fire,  but  the  whole  of  the  ground  on 
the  right-hand  side  of  C  and  D  was  red  hot,  and  as  the  only  means  of 
ventilating  it  was  by  bratticing,  it  rapidly  filled  with  smoke,  so  that  it 
was  no  longer  possible  to  work  in  it,  or  even  to  make  an  inspection 
beyond  G. 

Another  road  was  commenced  at  /,  over  the  fall,  to  H  where  the 
roof-shale  was  solid ;  and  a  descent  was  driven  from  that  point  to  D  with 
the  object  of  providing  ventilation  around  the  enclosed  area.  It  was 
found,  however,  that  the  fire  had  ignited  the  timbers  from  C  to  /y,  and 
the  road  was  closed.  A  communication  was  then  made,  by  way  of  TV  to 
A",  through  the  fire,  iron  piles  and  girders  being  set  to  maintain  a  road. 
The  portion  thus  enclosed  by  the  roads,  A  B  K ./,  was  then  cut  up  and 
the  fire  remaining  between  the  excavation  was  extinguished  by  the 
application  of  water.  Great  difficulty  was  experienced  in  carrying  out 
this  portion  of  the  work  on  account  of  the  great  heat  and  smoky  atmos- 
phere ;  immense  falls  of  rock  greatly  impeded  progress,  and  some  large 
blocks  were  lifted  back  by  hydraulic  jacks,  as  it  was  too  dangerous  to 
attempt  to  break  them  up,  owing  to  the  risk  of  loose  ground  falling  in. 

The  ventilating- current  was  frequently  reversed,  in  order  to  enable 
the  men  to  work  sometimes  from  one  side  and  sometimes  from  the  other. 
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Alter  tin1  lire  was  diminished  from  B  to  A',  the  place  K  0  h  was 
reopened  and  the  enclosed  fire  taken  out  in  detail.  Fire  in  the  meantime 
had  been  round  on  the  right-hand  side  of  /  //.•  L  M  and  F  M  were 
driven  on  the  floor-level.  This  was  afterwards  continued  to  N  and 
across  to  Z),  meeting  the  read  //  I)  from  over  the  fall  at  the  latter  point. 
The  lire  was  then  found  to  be  completely  enclosed,  and  ultimately  was 
partly  extracted,  the  remainder  being  slacked  with  water.  The  whole  of 
the  fire  was  extinguished  before  the  rib  of  coal  was  touched,  and  it  was 
found  on  being  worked  out  not  to  have  been  attacked  by  the  fire. 

About  60  men  per  24  hours  were  employed  at  the  fire  for  a  period  of 
some  3  months.  About  GOO  iron  piles,  made  from  18  lbs.  pit-rails,  (5  feet 
long,  were  used,  and  a  set  of  4  men  were  occupied  for  about  6  months  in 
taking  out  the  timber,  girders  and  piles  after  the  place  had  cooled  to  a 
normal  temperature. 

In  all  these  fires  at  Denaby  Main  colliery,  although  it  was  seldom  that 
any  of  the  colliers  were  willing  to  assist,  it  had  been  the  writer's  good 
fortune  to  have  fillers  and  datallers  who  would  follow  a  leader  into  the 
worst  parts,  and  work  at  the  fire  while  suffering  intense  headache,  and 
to  this  bravery  may  be  attributed  the  speed  with  which  some  of  the 
fires  were  overcome. 

(1.4)  Fig.  12  (Plate  VII.)  illustrates  outbursts  of  fire  at  the  Cadeby 

colliery  in  November,  1898.  A  narrow  rib  of  coal,  A,  had  been  left  at 
the  low  side  of  a  60  feet  fault.  The  shale-roof,  about  18  feet  thick,  was 
very  bad,  and  difficult  to  work  under.  All  the  roads  were  piled.  The 
air-current  found  a  passage,  from  the  drift,  through  loose  ground,  being 
drawn  towards  the  return  airway  along  the  coal-face. 

(15)  Fig.  13  (Plate  VII.)  shows  the  position  of  a  fire,  which  broke 
out  at  Cadeby  colliery,  close  to  the  shaft-pillar,  and  spread  into  it,  along 
breaks  caused  by  the  crushing  weight.  Headings  were  driven  to  the 
back  of  the  fissures,  which  were  filled  with  mortar  and  sand.  The 
headings  were  then  tightly  stowed  with  small  stone,  and  the  main  level 
was  ripped  in  order  to  bury  the  coal.  The  small  bind  used  for  this 
purpose  was  afterwards  well  drenched  with  water,  in  order  to  make  it 
solidify. 

(16)  Fig.  14  (Plate  VII.)  illustrates  a  fire  at  Cadeby  colliery.  In 
this  case,  the  first  indication  was  a  smell,  as  of  paraffin,  at  A,  in  an  old 
airway,  A  I),  in  which  a  fall  had  occurred  at  I),  blocking  the  air  :  so  the 
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airway,  A  P,  was  "drawn  off/'  and  a  new  one,  D  #,  scoured.  The  smell 
was  traced  to  B,  and  the  place  B  C  was  at  once  commenced.  When 
18  feet  were  scoured,  the  roof  gave  way  and  the  broken  and  exceedingly 
loose  bind  began  to  run  in.  An  attempt  was  made  to  get  over  it,  and  for 
some  days  men  were  continually  engaged  in  removing  the  debris  which  was 
sent  out  of  the  pit.  Two  other  roads,  F  G  and  T  A',  were  started  in 
order  to  sm  round  the  heated  mass,  and  a  third  place,  L  J/,  so  as  to 
remove  the  smoke  which  interfered  with  the  men  working,  and  air-pipes 
(19  inches  in  diameter)  were  placed  near  the  roof  of  M  N  (Fig.  15). 
AVater  was  copiously  poured  on  the  heated  mass,  C,  from  all  sides.  The 
fire  was  thus  much  reduced,  and  rapid  progress  was  made  in  its 
extinction.  A  chargeman  was  present  with  each  shift  continuously, 
who  every  £  hour  tested  the  return  airway  and  the  top  of  the  opening,  A7, 
for  gas.  On  March  11,  no  gas  was  found,  but  a  "  weight "  was  felt  and 
a  bump  heard,  as  a  large  piece  of  rock  broke  at  0,  falling  upon  the  top  of 
the  mass,  C.  This  must  have  liberated  gas  and  forced  it  through  the 
wet  debris,  ( ',  and  an  explosion  took  place,  burning  2  men  at  M  and 
2  others  at  P.  The  deputy,  at  />,  felt  the  shock,  but  was  not  injured, 
although  his  safety- lamp  was  extinguished.  The  2  men  who  were  with 
the  deputy  wrent  away  to  the  pit,  and  he  went  round  by  the  windroad,  Q, 
without  a  light  to  ascertain  how  the  other  2  men  had  fared.  He  found 
them  severely  burnt,  and  immediately  went  for  assistance.  These  2  men 
unfortunately  died  after  their  removal  to  the  Mexbro'  Hospital. 

Half  an  hour  after  the  explosion  no  fire  could  be  seen,  and  after  a 
thorough  examination  no  vestige  of  gas  was  found.  The  road  F  G  R 
was  connected  under  the  old  goaf  with  1KB,  but  the  fire,  quickly  cooled 
under  0,  broke  out  at  A'.  The  place  72  S  was  then  driven,  and  water 
poured  all  over  the  heated  mass.  At  the  same  time,  roads  were  driven 
across,  supported  by  0  feet  props  and  notched  cross  bars,  with  fi  feet  rails 
pointed  for  piles  driven  above  and  ahead  of  them.  The  props  were  set  as 
closely  as  possible,  and  covered  with  boards.  No  further  running  in  of 
the  roof  occurred,  and  the  work  went  on  steadily  until  the  extinction  of 
the  fire. 

In  this  case,  the  "  tops  coal  "  did  not  burn,  except  where  broken  and 
loose,  through  props  being  left  in,  and  the  greatest  heat  was  produced  in 
the  white-hot  mass  of  shale  lying  above  it. 

From  the  instances  enumerated  in  this  paper  it  is  apparent  that 
outbreaks  of  fire  are  to  be  apprehended  until  the  goaf  is  completely 
settled  ;    and    that,    when    it  becomes  solid  and   the  air  is  completely 
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excluded,  there  is  do  danger.  It  becomes  obvious,  therefore,  that,  as  far 
as  practicable,  the  extraction  of  the  coal  should  be  made  by  long  faces  of 
longwall  working  and  advancing  in  one  direction,  and  leaving  no  pillars 
of  coal  or  timber  which  would  prevent  the  settlement  of  the  roof.  The 
greatest  difficulty  experienced  is  that  stalls,  working  under  a  bad  roof, 
frequently  fall  in,  and  these  being  headed  out  with  a  narrow  strip  of  coal 
next  the  goaf,  when  through  are  liable  to  fall  in  again  before  the  strip  of 
coal  can  be  taken  out.  The  colliers  nearly  always  try  to  mislead  the 
deputies  by  stating  that  pillars  are  removed,  when  in  fact  they  are  not. 
Frequently  also,  when  a  pillar  has  been  reduced  to  small  dimensions  and 
difficult  to  work,  the  colliers  will  deliberately  bury  it  when  a  favourable 
opportunity  arises,  and  then  inform  the  deputies  that  the  coal  has  been 
tilled  out.  Inspection  at  frequent  intervals  is  the  only  remedy,  and  even 
then  occasionally  the  deputy  is  deceived.  When  this  happens,  a  discovery 
is  nearly  always  eventually  made  through  the  occurrence  of  the  resulting 
fire. 

The  trite  proverb  that  a  stitch  in  time  saves  nine  is  very  applicable 
to  underground  fires.  Immediately  there  is  evidence  of  a  fire,  every 
minute  wasted  in  locating  and  isolating  it  means  perhaps  many  hours  of 
labour  under  most  trying  and  dangerous  conditions.  If  it  be  desirable  to 
obtain  samples  of  the  gases  produced  and  the  temperature  of  them  and 
the  strata,  it  should  be  done  in  such  a  manner  as  not  to  interfere  with 
active  operations— bottles  and  thermometers  will  not  put  out  a  fire  ; 
and  it  is  of  paramount  importance  to  set  workmen  with  shovels  to  work, 
and  to  keep  them  vigorously  at  it  without  cessation,  until  there  is  no 
longer  need  for  their  labour.  Precious  moments  wasted,  discount 
wonderfully  the  chances  of  success.  Procrastination  and  sluggishness 
will  certainly  augment  very  greatly  the  risk  and  cost,  and  may  entail 
the  closing  of  a  section  of  the  mine,  or  the  whole  of  the  colliery.  The 
failure  to  overcome  a  fire  in  its  incipient  stage  has  caused  incalculable 
losses,  when  the  fact  of  some  having  spread  over  vast  areas  is  considered. 

In  the  Tawd  Valley  collieries,  at  Skelmersdale,  a  thickly  seamed 
coal-area  between  Liverpool  and  Preston,  a  fire  broke  out  which  resisted 
every  effort  to  subdue  it,  and  several  men  lost  their  lives  while  attempt- 
ing to  extinguish  it.  It  was  ultimately  drowned  out  by  turning  a 
stream  of  water  from  the  Tawd  river  down  the  shaft ;  this  served  its 
purpose,  but  caused  enormous  damage  to  the  workings  of  the  colliery. 
In  1872,  when  another  fire  occurred,  to  avoid  the  ruinous  expense 
entailed  by  flooding,  it  was  decided  to  prevent  its  encroachment  upon 
other  parts  of  the  mine  by  enclosing  it  by  masonry  walls.     But  the  heat 
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of  the  fire  cracked  the  walls  ;  and  after  years  of  labour  and  anxiety, 
involving  costly  expenditure  in  the  building  of  walls,  in  1897,  the  tire 
was  again  extinguished  by  the  bursting  of  the  banks  of  the  river  Tawd, 
which  allowed  the  water  to  pour  into  the  doomed  workings,  ruining  the 
colliery  and  thus  ending  a  struggle  which  had  continued  for  25  years. 
Other  similar  conditions  are,  or  have  been  existent  in  Ayrshire,  War- 
wickshire and  Lancashire. 

How  important,  then,  is  it  to  exhaust  every  means  and  effort  to 
extinguish  utterly  a  fire  occurring  in  a  mine,  before  resorting  to  an 
attempt  to  prevent  its  encroachment  by  walling,  etc.,  and  then  leaving  it 
to  smoulder  on  ! 

Tt  is  the  earnest  conviction  of  the  writer  that  if  the  opening  out  of 
the  old  workings,  described  at  the  commencement  of  this  paper,  had 
been  delayed  for  3  months,  the  Denaby  Main  colliery  would  have  been 
lost  for  ever. 


Mr.  I.  Hodges  (Whitwood  colliery)  said  that,  from  his  experience  of 
gob-fires,  he  could  endorse  Mr.  Chambers1  opinion  that  the  only  radical 
method  which  could  be  adopted  was  to  fill  out  the  fire.  Fires  which  had 
been  bricked  round  for  years  had  gone  on  increasing  in  temperature, 
although  practically  not  increasing  so  much  along  the  roadways  as  at  the 
seat.  He  was  also  of  opinion  that,  in  every  case  in  which  a  gob-fire  had 
been  properly  located,  props  left  behind  in  the  goaf,  or  ribs  of  coal  left 
against  faults,  or  falls  in  bank-headings  had  been  the  cause  of  fires.  At 
a  colliery  with  which  he  was  connected,  when  a  stink  was  found,  all  speed 
was  made  to  the  place  where  the  fire  was  expected  and  it  was  at  once  filled 
out.  With  a  hard  strong  bind-roof,  there  were  no  fires,  but  with  a  soft 
oily  shale-roof,  fires  were  frequent.  Wherever  a  prop  was  left  in  the 
waste  a  fire  occurred.  He  could  only  confirm  what  Mr.  Chambers  had 
said,  that  the  colliery-manager  was  indebted  to  the  datallers  and  bye- 
workmen  for  rapidly  following  the  official  of  the  colliery  into  situations  of 
great  danger.  In  his  experience  he  had  not  found  that  the  colliers  them- 
selves lent  much  aid  for  the  preservation  of  even  their  own  stalls. 

Mr.  Walter  Hargreaves  (Robin  Hood  collieries)  moved  that  the 
thanks  of  the  members  be  accorded  to  Mr.  Chambers  for  his  valuable 
paper. 

Mr.  .1.  L.  Marshall  (Monk  Bretton  colliery)  seconded  the  resolution, 
which  was  cordially  adopted. 
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The  President  (Mr.  W.  H.  Chambers),  in  acknowledging  the  vote 
of  thanks,  BaLd  that  gob -fires  constituted  one  of  the  hardest  tusks  with 
which  a  mining-engineer  could  have  to  deal.  Water  was  found  in  the 
lowest  place,  but  they  might  have  tire  for  several  weeks  after  they 
perceived  the  smell,  and  they  would  find  it  many  hundreds  of  feet  distant 
from  where  they  expected  to  find  it.  It  was  certain  that,  as  the 
workings  became  deeper,  and  the  normal  temperature  of  the  mine 
increased,  that  there  would  be  greater  risk  of  these  fires  occurring. 

The  discussion  was  adjourned. 


DISCUSSION  OF  MR.  L.  T.  (VSHEA'S  PAPER  ON  UTHE 
SAFETY  OF  MODERN  MINING  EXPLOSIVES,  WITH 
SPECIAL  REFERENCE  TO  METHODS  OF  TESTING."* 

Mr.  L.  T.  O'Shea  (Sheffield)  wrote  that  the  Home  Office  had 
recently  issued  a  notice  of  an  additional  test  to  which  explosives  already 
upon  the  "  Permitted  List "  might  be  subjected.  The  proposed  test  was 
more  severe  than  the  original  one,  and  explosives  which  passed  it  would  be 
placed  on  a  "  Special  List."  The  chief  feature  of  the  new  test  was  the 
increase  in  the  weight  of  explosive  to  be  used.  Two  series  of  experiments  of 
10  shots  each  were  to  be  made,  with  weights  equivalent  to  3  and  4  ounces 
of  dynamite  (75  per  cent,  of  nitroglycerine)  for  high  explosives,  and 
9  and  12  ounces  of  R.F.G.  powder  for  explosives  of  the  gunpowder  class. 
No  explosive  could  pass  the  test  that  produced  a  single  ignition  in  the  20 
shots.  This  was  a  first  step  towards  the  classification  of  explosives,  and 
while  viewing  with  some  satisfaction  the  institution  of  the  special  test, 
he  proposed  to  offer  a  few  criticisms  on  it  as  an  introduction  to  the 
discussion  on  his  paper.  There  was  no  doubt  that  the  test  was  more 
severe  than  the  original  one,  but  the  objections  raised  to  the  use  of 
a  iixed  weight  in  the  case  of  the  original  test  applied  equally  to  the 
special  test,  namely,  that  the  use  of  a  fixed  weight  placed  all  explosives 
that  passed  the  test  on  the  same  level,  and  there  was  no  guarantee  that 
safety  was  assured  if  that  weight  were  exceeded  in  actual  working.  It 
would  be  more  satisfactory  to  adopt  a  rising  scale  of  weights,  and  ascertain 
the  maximum  weight  of  each  explosive  which  would  not  ignite  the 
gaseous  mixture  in  a  definite  number  of  successive  shots. 

*  Trans.  Inst.  M.E.,  vol.  xvii.,  page  189  ;  and  vol.  xviii.,  page  77. 
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The  test  also  appeared  wanting,  inasmuch  as  no  experiments  were  to 
be  made  with  coal-dust.  Seeing  that  the  explosives  are  permitted  for  use 
in  coal-mines,  and  that  the  presence  of  dust  greatly  increased  the 
sensitiveness  of  gas  to  ignition,  it  was  highly  important  that  the  safety  of 
explosives  in  dusty  atmospheres  should  be  tested,  and  by  the  omission 
of  such  experiments  the  value  of  the  test  from  the  coal-miner's  point  of 
view  was  greatly  lessened.  He  had  already  pointed  out  that  the  method 
adopted  at  Woolwich  of  testing  in  dusty  atmospheres  was  quite  unsuited 
for  the  purpose,  but  he  hoped  that  the  Home  Secretary  would  see  fit  to 
introduce  some  test  of  this  character  in  a  horizontal  chamber,  especially 
with  those  explosives  placed  on  the  special  list.  Without  such  tests  it 
was  possible  that  an  explosive  highly  dangerous  in  dusty  atmospheres 
might  find  a  place  even  on  the  special  list. 

It  would  be  more  satisfactory  if  pit-gas  could  be  used  instead  of  coal- 
gas  in  these  tests.  Of  course  this  was  impossible  at  Woolwich,  but  it 
was  possible  to  manufacture  marsh  gas  and  mix  it  with  other  gases  so  as 
to  resemble  pit-gas,  and  the  resources  at  the  command  of  the  Home 
Secretary  should  enable  him  to  do  this.  He  had  little  doubt  that  the 
use  of  coal-gas  in  so  small  a  gallery  greatly  restricted  the  weights  of  the 
explosives  that  could  be  used  within  narrow  limits,  owing  to  the  ease 
with  which  coal-gas  was  ignited,  but  marsh  gas  or  pit-gas  was  much 
more  difficult  to  ignite  and  its  use  would,  doubtless,  allow  of  larger 
charges  being  fired. 

The  size  of  the  gallery  had  been  fully  criticized  in  his  paper,  and 
since  its  publication  he  had,  through  the  courtesy  of  H.M.  inspector  of 
explosives,  had  the  opportunity  of  visiting  the  Home  Office  testing- 
station.  His  opinions,  already  expressed,  were  fully  confirmed,  and,  in 
addition,  he  doubted  whether  experiments  on  the  scale  advocated  in  his 
paper  could  be  carried  out  in  so  small  a  gallery. 

Mining-engineers  in  this  district  should  consider  whether  they  were 
content  to  accept  a  test  which  had  been  condemned  as  unsatisfactory,  or 
to  investigate  the  question  on  their  own  account  in  a  manner  calculated 
to  give  more  satisfactory  information.  He  felt  sure  that  the  Home 
Secretary  would  look  upon  such  experiments  with  favour,  while  the 
results,  though  not  supplanting  the  official  tests,  would  serve  to  guide 
the  colliery-manager  in  making  his  selection  of  an  explosive  from  the 
official  lists.  Additional  advantages  would  be  that  the  results  would  be 
published,  as  was  done  in  Germany,  so  that  the  record  of  each  explosive 
would  be  known,  and  the  explosives  for  testing  would  be  bought  in  the 
market  from  the  stocks  supplied  by  the  makers  to  the  mines. 


msrrssiox—  sAKirn  01  MODERN  mimv.  i:\ri, OSIVHS.  27!! 

The  Pbksidbnt  (Mr.  W.  II.  Chambers)  said  that  Mr.  Q'Shea  had 
emphasized,  and  lie  thought  that  the  members  could  not  but  agree  with 
him,  the  necessity  of  establishing  a  testing-station  where  explosives 
could  be  experimented  upon  as  nearly  as  possible  under  the  conditions 

in  which  they  were  used  in  mines.  Fie  thought  that  the  members 
would  be  pleased  to  see  a  station  established  with  proper  apparatus,  on 
such  a  scale  that  they  could  test  explosives  for  themselves,  not  for  the 
purpose  of  putting  it  in  the  place  of  the  test  carried  out  by  the  Home 
Secretary,  but  of  supplementing  it. 

The  further  discussion  was  adjourned. 
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THE  INSTITUTION  OF  MINING   ENGINEERS. 


ANNUAL  GENERAL  MEETING, 
Hkld  in  the  University  College,  Sheffield,  September  19th,  1899. 


Mr.  J.  A.  LONGDEN,  Retiring  President,  in  the  Chair. 


Mr.  W.  H.  Chambers,  President  of  the  Midland  Institute  of  Mining, 
Civil  and  Mechanical  Engineers,  welcomed  the  members  to  the  district. 
Arrangements  had  been  made  for  visits  to  collieries  and  works,  and  he 
trusted  that  the  meeting  would  be  satisfactory  to  the  members. 


ELECTION  OF  OFFICERS,  1899-1900. 

The  Secretary  announced  the  election  of  the  following  officers  by 

the  Council : — 

President. 

Mr.  H.   C.  Peake. 


Mr.  Wm.  Armstrong. 
Mr.  T.  Forstkr  Brown. 
Mr.  W.  H.  Chambers. 
Mr.  Wm.  Cochrane. 
Mr.  M.  Deacon. 


Vice-Presi  dents. 
Mr.  J.  S.  Dixon. 
Mr.  J.  T.  Forgie. 
Mr.  G.  B.  Forster. 
Mr.  W.  D.  Holford. 
Mr.  Jas.  A.  Hood. 


Mr.  Joel  Settle. 
Mr.  A.  L.  Steavenson. 
Mr.  F.  N.  Wardell. 
Mr.  R.  S.  Williamson. 


Treasurers. 
Messrs.  Lambton  &  Co.,  The  Bank,  Newcastle-upon-Tyne. 

Auditors. 
Messrs.  John  G.  Benson  &  Son,  Newcastle-upon-Tyne. 

The  President  (Mr.  H.  C.  Peake),  then  took  the  chair  and  moved 
that  the  best  thanks  of  the  members  be  given  to  Mr.  J.  A.  Longden  for 
his  services  as  President  of  the  Institution  during  the  past  year. 

The  vote  of  thanks  was  carried  with  acclamation. 


The  Secretary  read    the  Annual  Report  of  the  Council  as  follows  :— 

22 
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ANNUAL  REPORT  OF  THE  COUNCIL. 


THE  TENTH  ANNUAL  REPORT  OF  THE  COUNCIL. 


The  Council  are  pleased  to  congratulate  the  members  upon  the 
continued  success  that  has  attended  The  Institution  of  Mining 
Engineers  during  its  first  decade. 

The  Institution  was  formed  for  the  promotion  of  a  more  general 
recognition  of  the  status  of  mining  and  metallurgical  engineering  as 
scientific  professions ;  communication  with  the  Government  upon  the 
practical  requirements  of  legislation  affecting  these  industries ;  and  the 
advancement  of  the  sciences  of  geology,  mining  and  metallurgy,  and 
their  industrial  applications,  by  the  reading  of  communications  from 
members  and  others,  and  by  discussion. 

The  six  federated  societies  are  the  same  as  last  year,  namely,  the 
Chesterfield  and  Midland  Counties  Institution  of  Engineers  ;  the  Mid- 
land Institute  of  Mining,  Civil  and  Mechanical  Engineers  ;  the  Mining 
Institute  of  Scotland  ;  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers ;  the  North  Staffordshire  Institute  of  Mining  and 
Mechanical  Engineers ;  and  the  South  Staffordshire  and  East  Worcester- 
shire Institute  of  Mining  Engineers. 

The  following  table  shows  the  progress  of  the  membership  since  the 
formation  of  the  Institution  on  July  1st,  1889  : — 


Year  Ending 

No.  of 

No.  of 

July  31st. 

Members. 

Non-Federated. 

Totals. 

1890            

1,189 

50 

1,239 

1891             

1,187 

9 

1,196 

1892             

1,415 

19 

1,434 

1893            

1,533 

19 

1,552 

1894            

2,068 

123 

2,191 

1895            

2,210 

109 

2,319 

1896            

2,301 

81 

2,382 

1897            

2,447 

60 

2,507 

1898            

2,462 

47 

2,509 

1899            

2,445 

41 

2,486 

There  has  been  a  slight  decrease  in  the  membership  during  the 
past  year,  possibly  owing  to  the  fact  that  the  list  only  contains  the  names 
of  members  whose  subscriptions  for  the  year  have  been  paid  to  the 
federated  societies. 

The  Council  urge  the  members  to  use  their  influence  in  order  that 
the  Institution  may  embrace  all  societies  interested  in  the  advancement 
of  mining,  metallurgy  and  their  allied  industries.  The  advantages  are 
considerable,  as  the  members  receive  all  papers  read  at  the  meetings  of 
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The  Institution  of  Mining  Engineers  and  of  the  allied  societies,  which 
oonld  not  have  been  obtained  otherwise,  except  at  greatly  enhanced  cost 
l.v  subscriptions  to  each  of  these  institutes. 

Three  general  meetings  have  been  held  during  the  past  year,  namely  : 
m  South  Staffordshire,  North  Staffordshire  and  London,  and  the  Council 
congratulate  the  members  upon  the  general  excellence  of  the  papers 
which  were  communicated  at  these  meetings.  The  thanks  of  the  Insti- 
tution are  due  to  the  gentlemen  who  have  kindly  allowed  the  members 
to  visit  their  mines  and  works.  The  attendance  of  members  at  the 
general  meetings  continues  to  be  satisfactory,  notwithstanding  that  they 
reside  in  all  parts  of  the  kingdom  and  abroad. 

Prizes  have  been  awarded  to  the  writers  of  the  following  papers, 
which  are  printed  in  the  Transactions  (vols.  xiv.  and  xv.)  for  the  years 
1897-98  :— 

"The  Strength  of  Pit-props."     By  Prof.   Henry  Louis. 
"Electric  Blasting."     By  Mr.  Wm.  Maurice. 

rriie  Student's  prize  has  been  awarded  to  Mr.  Gr.  Clarence  Allsebrook 
for  his  essay  on  "  Coal-cutting  by  Machinery." 

The  report  of  the  Committee  upon  "  Mechanical  Ventilators,"  by 
arrangement  with  the  Midland  Institute  of  Mining,  Civil  and  Mechanical 
Engineers  and  The  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  has  been  published  in  the  Transactions.  The 
Council  trust  that  further  experiments  will  be  made  upon  mine- ventila- 
tors, and  the  results  will  be  communicated  to  the  members. 

Presidential  addresses  have  been  delivered  during  the  past  year  to 
the  members  of  The  Institution  of  Mining  Engineers,  by  Mr.  J.  A. 
Longden  ;  the  Chesterfield  and  Midland  Counties  Institution  of  Engi- 
neers, by  Mr.  W.  D.  Holford  ;  the  Midland  Institute  of  Mining,  Civil 
and  Mechanical  Engineers,  by  Mr.  W.  H.  Chambers  ;  the  North  of 
England  Institute  of  Mining  and  Mechanical  Engineers,  by  Mr.  W. 
Armstrong ;  and  the  North  Staffordshire  Institute  of  Mining  and 
Mechanical  Engineers,  by  Mr.  J.  C.  Cadman. 

Mr.  J.  Emerson  Dowson  contributed  a  valuable  paper  on  the  adoption 
of  "  Metric  Weights  and  Measures "  in  Great  Britain,  and  it  was 
accompanied  by  a  discussion  not  altogether  favourable  to  the  adoption 
of  the  metric  system. 

The  papers  on  geology  comprize  : — 

"  The  Western  Interior  Coal-field  of  America."     By  Mr.  H.  Foster  Bain. 
"The  Nullagine  District,  Pilbarra  Gold-field,  Western  Australia."     By 
Mr.  S.  J.  Becher. 
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"  Mineral  Resources  of  Vancouver  and  Adjacent  Islands,  British  Columbia." 
By  Mr.  Wm.  M.  Brewer. 

"Prospecting  in  British  Columbia."      By  Mr.  Wm.  M.  Brewer. 

11  The  Kalgoorlie  Gold-mines,  Western  Australia."     By  Mr.  H.  F.  Bulman. 

"Notes  on  the  Glacial  Deposit  or  'Wash'  of  the  Dearness  Valley."  By 
Mr.  T.  L,  Elwen. 

"  Transvaal  Coal-field."     By  Mr.  William  Peile. 

"Horizontal  Thrusting  in  Joints,  Mineral  Veins  and  Faults  in  the  North- 
west of  England,  etc."     By  Mr   C.  E.  de  Ranee. 

"  The  Genesis  and  Matrix  of  the  Diamond."     By  Mr.  C.  E.  de  Ranee. 

"  The  Geology  of  Furness."     By  Mr.  C.  E.  de  Ranee. 

"The  Occurrence  of  Anhydrite  in  the  North  of  England,  etc."  By 
Mr.  C.  E.  de  Ranee. 

"The  Mineral  Wealth  of  Zoutpansberg  :  the  Murchison  Range  Gold-belt." 
By  Mr.  Douglas  S.-S.  Steuart, 

"  The  Ore-deposits  of  the  Silver  Spur  Mine  and  Neighbourhood,  Texas, 
Queensland."     By  Mr.  H.  G.  Stokes. 

"The  Douglas  Coal-field,  Lanarkshire."     By  Mr.  Robert  Weir. 

"  Sulphur-mines  in  the  South  of  Spain."     By  Mr.  Arthur  P.  Wilson. 

Mining  engineering  has  been  dealt  with  in  the  following  papers  :  — 

"Timbering  in  the  Iron  Ore-mines  of  Cumberland  and   Furness."      By 

Messrs.  John  L.  Hedley  and  Wm.  Leek. 
"  Timbering  and  Supporting  Underground  Workings."     By  Mr.  George  L. 

Kerr. 
"Colliery-consumption."     By  Mr.  J.  A.  Longden. 
"  Further  Notes  on  Pit-props."     By  Prof.  Henry  Louis. 
"The  South  Staffordshire  Mines -drainage  Scheme,  with  Special  Regard  to 

Electric-power  Pumping."     By  Messrs.  E.  B.  Marten  and  Edmund 

Howl. 
"Mining   for   Gold    in    the    Auriferous    Gravels    of   California,    U.S.A." 

By  Mr.  George  Kent  Radford. 

The     following     papers     have     been     contributed    on    mechanical 

engineering  :  — 

"The  Use  and  Abuse  of  Colliery  Locomotives."     By  Mr.  W.  W.  Clayton. 
"  Description  of  the  Pumping-plant  at  the  Stank  and  Yarlside  Mines  in  the 

Furness  District  of  North  Lancashire."     By  Mr.  Jas.  Davison. 
"The  Application  of  Condensers  to  Winding-engines."     By  Mr.  William 

Freakley. 
"The  Compounding  of  WTinding-engines."     By  Mr.  William  Freakley. 
"Supplementary  Notes  on  the    Application   of   Condensers   to   Winding- 
engines."     By  Mr.  William  Freakley. 
"Supplementary  Notes  on  the  Compounding  of   Winding-engines."      By 

Mr.  William  Freakley. 
"  The  Working  of  the  Boiler  Explosions  Acts,  1SS2  and  1890."     By  Mr.  E. 

G.  Hiller. 
"  Description  of  the  Machinery  and  Process  of  Iron-ore  Washing  at  the 

Park   Mines,  in  the   Furness  District   of  North    Lancashire."      By 

Mr.  W.  Kellett. 
"  The  Automatic  Manipulation  of  Coal  and  Coke."    By  Mr.  Gilbert  Little. 
"The  Use  of  Slow-moving  Belt-ropes  in  Shafts.'"     By  Mr.  Harry  Rhodes, 
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Mine-ventilation,  safety-appliances,  etc.,  have  been  discussed  in  the 

following  papers  : — 

••  Mechanical  Ventilators."     By  Mr.  M.  Walton  Brown. 

"Fire-damp  in  the  Iron-ore   Mines  of   Cumberland    and    Furness."      By 

Messrs.  J.  L.  Hedley  and  Wm.  Leek. 
"The  Mnrgue  Recording  Volumetric  Anemometer."     By  Mr.  D.  Murgue. 
"  Experimental  Investigations  upon  the  Theory  of  the  Pitot  Tube  and  the 

Woltnmnn  Mill."     By  Mr.  A.  Rateau. 
•■  The  Application  of  Liquefied  Carbonic  Acid  Gas  to  Underground  Fires." 

By  Mr.  George  Spencer. 

Electricity  and  its  applications  have  been  discussed  in  the  following- 
papers  :  — 

"The  Midland  Electric  Corporation,  Limited,  and  its  Bearing  on  Mining 

in  the  South  Staffordshire  District. "     By  Mr.  G.  L.  Addenbrooke. 
••  Two  Types  of  Electric  Coal-cutters."     By  Mr.  Thomas  H.  Barr. 
"  Experiments  on  the  Ignition   of  Fire-damp  and  Coal-dust  by  means  of 

Electricity."  By  Bergassessor  Heise  and  Dr.  Thiem. 
"The  South  Staffordshire  Mines-drainage  Scheme,  with  Special  Regard  to 

Electric-power  Pumping."     By  Messrs.  E.  B.  Marten  and  Edmund 

Howl. 
"  Electric  Blasting."     Part  IV.     By  Mr.  William  Maurice. 
"  Electric-power  Plant  at  Haunchwood  Colliery."     By  Mr.  W.  Nowell. 

Explosives  and  blasting  have  been  the  subjects  of   the   following 
papers  : — 

"  Davey-Biekford-Smith  Safety  Shot-igniter.'      By  Mr.  G.  Chesneau. 

"  Experiments  on  the  Ignition  of  Fire-damp  and  Coal-dust  by  means  of 

Electricity. "  By  Bergassessor  Heise  and  Dr.  Thiem. 
"  Electric  Blasting. "  Part  IV.  By  Mr.  William  Maurice. 
"The  Martin  and  Turnbull  System  of  Water-sprays."      By  Mr.   F.   G. 

Meachem. 
"  Further  Notes  on  Safety-explosives."     By  Mr.  Wm.  Jas.  Orsman. 
"Safety-explosives."     By  Mr.  Wm.  Jas.  Orsman. 
"The  Safety  of  Modern  Mining  Explosives,  with  Special  Reference  to 

Methods  of  Testing."     By  Mr.  L.  T.  O'Shea. 
"  The  Use  of  High-pressure  Steam  as  a  Possible  Substitute  for  Gunpowder 

or  other  Dangerous  Explosives  in  Coal-mining."     By  Major-Generai 

H.  Schaw. 

The    chemistry    of    coal    had    been    discussed    in    the     following 
papers  : — 

"  A  Contribution  to  the  Chemistry  of  Coal,  with  Special  Reference  to  the 
Coals  of  the  Clyde  Basin."     By  Mr.  W.  Carrick  Anderson. 

' '  Results  of  the  Analysis  of  Samples  of  New  Zealand  Coal  and  Ambrite, 
and  of  Barbados  Manjak."     By  Dr.  P.  Phillips  Bedson. 

"Observations  on  the  Relation  of  Underground  Temperature  and 
Spontaneous  Fires  in  the  Coal  to  Oxidation  and  to  the  Causes  which 
favour  it."     By  Messrs.  John  S.  Haldane  and  F.  G.  Meachem. 
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Coal-cutting    by   machinery   has   been   discussed   in   the   following 
papers  : — 

"  Coal-cutting  by  Machinery."     By  Mr.  G.  Clarence  Allsebrook. 
"  Two  Types  of  Electric  Coal-cutters."     By  Mr.  Thomas  H.  Barr. 
"Machine-mining    and    Pick-mining    compared."       By   Mr.    W.    D.    L. 

Hardie. 
"  Notes  on  Coal-cutting  Machinery  in  Use  at  Foxfield  Colliery."     By  Mr. 

Benaiah  Parker. 

The  miscellaneous  papers  have  included  :  — 

"Treatment  of  Refractory  Silver-ores  by  Chlorination  and  Lixiviation." 

By  Mr.  J.  E.  Breakell. 
"Historical  Sketch  of  the  First  Institution  of  Mining  Engineers."      By 

Mr.  Bennett  H.  Brough. 
"Barometer,  Thermometer,  etc.,  Readings  for  the  Year  1898."     By  Mr. 

M.  Walton  Brown. 
"  Report  of  the  Delegate  at  the  Conference  of  Delegates  of  Corresponding 

Societies  of  the  British  Association  for  the  Advancement  of  Science, 

Bristol,  1898."     By  Mr.  T.  Forster  Brown. 
"  Castle  Rings,  Cannock  Chase."     By  Mr.  W.  H.  Duignan. 
"  Underground    Certificates   in    Nova    Scotian    Coal-mines."      By  Mr.   E. 

Gilpin,  Jan. 
"  An  Improved  Ambulance-carriage  and  Stretcher  for  Use  in  Mines."     By 

Mr.  H.  Richardson  Hewitt. 
"  The  Felling  of  a  Chimney."     By  Mr.  Frank  Reid. 
"  The   Nodon-Bretonneau   Process  of   Seasoning    and   Preserving  Timber 

and  other  Fibrous  Substances  by  Means  of  Electricity."     By  Mr. 

E.  G.  Vecqueray. 
"The    Rhenish- Westphalian    Coal-Syndicate."     By    Mr.     George    Blake 

Walker. 

The  members  may  be  congratulated  upon  the  varied  scope  of  the  (69) 
papers  printed  in  the  Transactions  (vols.  xvi.  and  xvii.),  and  the  Council 
trust  that  members  will  continue  to  send  in  papers  as  liberally  as  hereto- 
fore. 

"  Notes  of  Papers  (218)  on  the  Working  of  Mines,  Metallurgy, 
etc.,  from  the  Transactions  of  Colonial  and  Foreign  Societies  and  Colonial 
and  Foreign  Publications,"  have  been  continued,  and  should  prove  of 
value  to  the  members. 

Members  can  purchase,  at  privileged  prices,  copies  of  the  Transactions 
of  the  following  "  Corresponding  Societies": — 

The  Australasia  i  Institute  of  Mining  Engineers  ; 

The  Canadian  Mining  Institute  ;    and 

The  Institution  of  Mining  and  Metallurgy. 

The  influence  of  mining  institutes,  since  the  formation  of  the  North 
of  England  Institute  of  Mining  and  Mechanical  Engineers  in  1852,  may 
be   recognized   in   the  adoption  of    improved   methods   of  mining  and 
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metallurgical  processes,  in  the    progress  of  technical  education,  and  in 
advanced  knowledge  of  geology  and  other  sciences. 

Since  1852,  there  have  been  immense  strides  in  the  production  of 
minerals  and  metals,  and  especially  in  the  condition  of  mines  and  miners. 
The  greater  part  of  these  improvements  are  dne  to  the  formation  and 
development  of  societies  devoted  to  the  consideration  of  methods  for  the 
sate  working  and  development  of  mines  and  the  preservation  of  human 
life.  During  this  period,  examinations  have  been  instituted  for  mine 
managers'  certificates,  mechanical  appliances  for  getting  minerals  or 
improved  explosives  have  become  a  necessity,  fans  on  the  surface  have 
replaced  underground  furnaces  as  a  means  of  ventilation,  and  electricity 
has  been  introduced  as  a  motive  power. 

The  object  of  a  mining  society  is  not  completely  attained  unless 
there  be  critical  and  adequate  discussion  of  the  papers  printed  in  the 
Transactions.  Discussion  tests  the  value  of  a  paper,  focuses  the 
experience  of  the  speakers,  and  frequently  elicits  further  information 
from  the  author.  The  value  of  discussion  consequently  depends  upon 
the  general  body  of  members,  and  the  value  of  the  Transactions,  is  also 
dependent  upon  the  care  with  which  the  individual  member'  revises  his 
share  of  the  discussions.  Oral  discussion  has  the  advantage  of  securing 
the  attendance  of  members  desirous  of  hearing  and  giving  opinions 
which  could  not  otherwise  be  obtained,  and  written  discussion  records 
the  opinions  of  members  who  reside  at  a  distance  and  are  unable  to 
attend  the  meetings.  The  value  and  interest  of  the  Transactions  are 
considerably  enhanced  by  the  addition  of  the  printed  discussions  which 
accompany  or  follow  the  papers,  but  the  members  should  remember  that 
unnecessary  increase  in  the  volume  of  discussion  involves  expense  in 
arranging  the  revision  of  the  oral  and  written  remarks. 


BOOKS,  Etc.,  ADDED  TO  THE  LIBRARY. 

African  Review,  Nos.  299-356. 

Annales  des  Mines  de  Belgique,  vol.  iii.,  No.  4;  vol.  iv.,  Nos.  1-3. 

Australasian  Institute  of  Mining  Engineers,  Transactions,  vol.  v. 

Australian  Mining  Standard,  Nos.  503-549,  551,  552,  555,  556,  559,  560. 

British  Association  for  the  Advancement  of  Science,  Report  of  the  Sixty-eighth 

Meeting,  held  at  Bristol,  in  September,  1S9S,  octavo,  1,096  pages. 
British  Society  of  Mining  Students,  Journal,  vol.  xxi.,  Nos.  1-6;  vol.  xxii.,  No.  1. 
Canadian  Mining  Institute,  Journal,  vols.  i.  and  ii. 
Chambers,  Trant,   A    Land  of  Promise :    Western  Australia  in   1897-98,   second 

edition,  demy  octavo,  140  pages. 
Chemical  and  Metallurgical  Society  of  South  Africa,  Journal,  vol.  i.,  No.   6-11  ; 

vol.  ii.,  Nos.  1-7. 
Coal  and  iron,  Nos.  105  130  and  162-191. 
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Cory  Brothers,  British  Coal  Trade  and  Freight  Circular,  August  31st,  1898,  to 

August  31st,  1899. 
Engineering  and  Mining  Journal,  vol.  lxvi.,  Nos.  5-27;    vol.  lvxii.,  Nos.   125; 

vol.  lxviii.,  Nos.  1-11. 
Engineering  Times,  vol.  i.,  Nos.  4  and  5  ;  vol   ii.,  Nos.  1  and  2. 
Franklin  Institute  of  the  State  of  Pennsylvania,   U.S.A.,    Journal,    vol.   clxvi., 

No.  2-6;  vol.  clxvii.,  Nos.  1-6;  vol.  clxviii.,  Nos.  1-3. 
Geological  Society  of  South  Africa,  Transactions,  vol.  iii. 
Institution  of  Mining  and  Metallurgy,  Transactions,  vol.  vi. 
Lake  Superior  Mining  Institute,  Proceedings,  vols.  i. -iv. 
Manchester  Geological  Society,  Transactions,  vol.   xxv.,   Nos.   17-21;  vol.  xxvi , 

Nos.  1-6. 
Massachusetts  Institute  of  Technology,  Technology  Quarterly,  vol.   xi.,  Nos.  2 

and  4  ;  vol.  xii.,  Nos.  1  and  2. 
Mines  and  Quarries.     Third  Annual  General  Report  upon  the  Mineral  Industry 

of  the  United  Kingdom  of  Great  Britain  and  Ireland  for  the  year  1896,  by 

C.  Le  Neve  Foster,  foolscap  folio,  193  pages. 
New  South  Wales,  Chamber  of  Mines  :  Memorandum  and  Articles  of  Association, 

demy  octavo,  17  pages. 
, :  Three  letters  on  the  Australian  Mining  Laws,  written  to  the 

Sydney  Daily  Telegraph  by  Charles  J   Alford,  demy  octavo,  13  pages. 

.     Department  of  Mines.     Annual  Report,  1897. 

— .     Geological  Survey,   Memoirs,   Ethnological   Series,   No    1  ;  Palaeonto- 

logical  Series,  No.  6. 

. .     Mineral  Resources,  Nos.  3-5. 

. .     Records,  vol.  vi.,  Nos.  1-3. 

New  Zealand  Institute  of  Mining  Engineers,  Transactions,  vols.  i.  and  ii. 

New  Zealand  Mines  Department,  Report  for  the  year  1898. 

South  African  Republic,  Annual  Reports  of  State  Mining  Engineer,  1897  and  1898. 

South  Wales  Institute  of  Engineers,  Transactions,  vol.  xxi.,  Nos.  1-4. 

Western  Australia,  Department  of  Mines,  Gold  Mining  Statistics,  1897,  foolscap 

folio,  123  pages. 

EXCHANGES. 

Annales  des  Mines  de  Belgique, 

Australasian  Institute  of  Mining  Engineers. 

British  Association  for  the  Advancement  of  Science. 

British  Society  of  Mining  Students. 

Canadian  Mining  Institute. 

Chemical  and  Metallurgical  Society  of  South  Africa. 

Franklin  Institute  of  the  State  of  Pennsylvania,  U.S.A. 

*  General  Mining  Association  of  the  Province  of  Quebec,  Canada. 
Institution  of  Mining  and  Metallurgy. 

Lake  Superior  Mining  Institute. 
Manchester  Geological  Society. 
Massachusetts  Institute  of  Technology. 

*  Mining  Society  of  Nova  Scotia,  Canada. 

New  South  Wales,  Department  of  Mines  and  Agriculture,  Geological  Survey. 
New  Zealand  Institute  of  Mining  Engineers. 
*Revue  Universelle  des  Mines,  de  la  Metallurgie,  etc. 
South  African  Republic,  Department  of  the  State  Mining  Engineer. 
South  Wales  Institute  of  Engineers. 

*  No  publications  received  during  current  year. 
.Inly  S  1st,  1800. 
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290  ACCOUNTS. 

2>r.  The  Treasurer  in  account  with 

For  the  year 


July  31,  1898.  £      s.    d.        £     s.    d. 

To  Balance  at  Bank        449     5     7 

„         „        in   Treasurers  hands         23     3     3 


To  Subscriptions  for  year  ending  July  31,  1898 — 

Federated — 

Chesterfield  and  Midland  Counties  Institu- 
tion of  Engineers  £22  10     0 

Midland    Institute   of   Mining,    Civil   and 

Mechanical  Engineers      ...         ...         ...  712     0 

Mining  Institute  of  Scotland  0  19     0 

North  of  England  Institute  of  Mining  and 

Mechanical  Engineers      10113     0 

North   Staffordshire   Institute    of    Mining 

and  Mechanical  Engineers  ...         ...  6  13     0 

South  Staffordshire  and  East  Worcester- 
shire Institute  of  Mining  Engineers      ...         24  14     0 


164     7     0 

Xon-Federated — 

Mining  Institute  of  Scotland  ...         0  10     0 


To  Subscriptions  for  year  ending  July  31,  1899 — 

Federated — 
Chesterfield  and  Midland  Counties  Institu- 
tion of  Engineers £239     8     0 

Midland    Institute  of    Mining,    Civil   and 

,  Mechanical  Engineers      ...         247     0     0 

Mining  Institute  of  Scotland  397     2     U 

North  of  England  Institute  of  Mining  and 

Mechanical  Engineers     1,047  17     0 

North    Staffordshire   Institute    of    Mining 

and  Mechanical  Engineers  128     5     1 

South  Staffordshire   and  East  Worcester- 
shire Institute  of  Mining  Engineers      ...         92     3     0 


2,151  15     1 

Nan- Federated — 
Mining  Institute  of  Scotland         20  10     0 


472     8  10 


164  17     0 


2,172     5     1 


Carried  forward     £2,809  10  11 


ACCOUNTS.  29 

I'm:  Institution  op  MINING  ENGINEERS.  (Jr. 

ending  July  31,  1899. 


July  31,  1899. 

By  Printing—  c     s.   d.     £     s.    d.     jc     b.    d.      c    s.    d 

Transactions,  Vol.  XIII.,  plates       12     1     0 


„               „     XIV.,  printing 

32 

15 

0 

„                         „      plates 

4 

15 

0 

37 

10 

0 

•  „       XV.,  printing 

349 

2 

4 

,.               ..         „      plates 

144 

1 

<; 





493 

3 

10 

„     XVI.,  printing  404 

5 

0 

„              „         „      plates 

108 

19 

l 





— 

513 

4 

1 

,,              „  XVII.,  plates 

2 

14 

8 

— — — 

— — 

2 

14 

8 
-  1,058 

13 

7 

Excerpts,  Vol.  XIII 

7 

.15 

0 

,     XIV 

4 

1 

i; 

„      xv 

62 

15 

l 

XVI 

50 

4 

7 
—  124 

16 

2 

Indices 

70 

10 

0 

Circulars     ... 

23 

16 

0 

Proofs  of  Papers  for  General  Meetings 

15 

14 

7 

—  1,293 

10 

4 

By  Addressing  Transactions 

52 

10 

2 

„   Postages — Circulars        

•  •• 

21 

11 

11 

„           „           Correspondence 

... 

20 

0 

2 

„           ,,           Transactions 

... 

301 

7 

6 
—  342 

19 

7 

,,    Stationery,  etc.    ... 

112 

1 

6 

.,    Insurance  of  Transaction* 

3 

8 

1 

,,    Binding — Library           

... 

5 

1 

9 

„          ,,           Sundries 

... 

0 

18 

9 

,,          ,,           Transactions ... 

45 

2 

2 

.          K1 

2 
11 

8 
6 

,,   Reporting  General  Meetings    ... 

... 

21 

.,   Expenses  of  General  Meetings 

... 

12 

11 

0 

.,   Incidental  Expense?       , 

... 

3 

10 

3 

,,   Petty  Cash           

... 

8 

13 

5 

.,   Salaries,  Wages,  Auditing,  etc. 

••> 

515 

4 

6 

.,    Indexing  Transactions  ... 

... 

28 

2 

4 

,,   Travelling  Ej  lenses 

47 

13 

11 

1    1  QQ 

8 

11 

... 

i,iyy 

Carried  forward    ... 

£2.492 

1!) 

3 

292  ACCOUNTS. 

2)V,  The  Treasurer  in  account  with 


Brought  forward    ...         

To  Local  Publications  and  Authors'  Copies — 

The  Institution  of  Mining  Engineers 

Chesterfield  and  Midland  Counties  Institution 

of  Engineers     ... 
Midland     Institute    of     Mining,    Civil     and 

Mechanical  Engineers  ...         

Mining  Institute  of  Scotland 

North   of    England  Institute  of  Mining  and 
Mechanical  Engineers 

North  Staffordshire  Institute  of   Mining  and 

Mechanical  Engineers 
South  Staffordshire  and  East  Worcestershire 

Institute  of  Mining  Engineers 


To  Sales  of  Transactions,  etc. — 

Chesterfield  and  Midland  Counties  Institution 

of  Engineers     

Midland     Institute     of     Mining,     Civil    and 

Mechanical  Engineers  

Mining  Institute  of  Scotland    ... 
North  of  England  Institute  of  Mining  and 
Mechanical  Engineers  ...         

North   Staffordshire  Institute  of  Mining  and 
Mechanical  Engineers  

South  Staffordshire  and  East  Worcestershire 

Institute  of  Mining  Engineers         66     8         000 

Members  and  others       0     0     0     201     2     6 


£  s. 

d. 

£ 

s. 

d. 

£ 

2,809 

s. 
10 

d. 
11 

1397-98. 
0  0  0 

1898-99 
62  4 

9 

0  0 

0 

6 

4 

0 

0  0 

0 

3 

17 

8 

2  11 

6 

5 

12 

0 

18  5 

9 

21 

14 

3 

0  6 

0 

1 

9 

3 

1  10 

6 

0 

0 

0 

123 

15 

22  13 

9 

101 

1 

11 

8 

1897-98. 

1898-99. 

7   6 

8 

8 

16 

8 

2  13 

4 

2 

16 

8 

3  6 

8 

3 

0 

0 

26  12 

8 

24 

9 

4 

3  6 

8 

0 

0 

0 

49  12     8     240     5     2 


To  Keducing  Plates —  1897-98.  1898-99. 

Chesterfield  and  Midland  Counties  Institution 

of  Engineers 0     0     0         2  10    0 

Midland    Institute     of     Mining,    Civil     and 

Mechanical  Engineers  000        0     00 

Mining  Institute  of  Scotland 100        200 

North   of   England   Institute  of  Mining  and 

Mechanical  Engineers  00     0         210     0 

North  Staffordshire  Institute  of  Mining  and 

Mechanical  Engineers  0    0     0         0     0     0 

South  Staffordshire  and  East  Worcestershire 

Institute  of  Mining  Engineers         0  10    0        0     0    0 


1  10     0         7     0    0 


289  17  10 


8  10     0 

To  Advertizements  752  16     3 


£3,984  10     8 
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The  [nstitutioh  ok  Mining  Engineers.— Confined. 


Cr. 


Brought  forward 
By  Advert  i/cincuts— -Commission  ... 
ii  .,  Printing 

..    Prizes,  Vols.  XIV.  and  XV.      ... 
„         Students'  Essay,  Vol.  XVI. 

„  Translations  of  Papers  ... 

..  Abstracts  of  Foreign  Papers,  Vols.  XV 

and  XVI 

„  Barometer  Readings,  etc. 

,,  Calendars... 

,,  Mechanical  Ventilators  Committee 

„  Stock-rooms,  etc. 

,,    Balance  at  Bank 

.,         .,        in  Treasurer's  hands     ... 


&     s.    d.    £     s.    d        &       s.     (1. 
2,192   1!)     3 

196  19     7 

4     1     6 

201     1     1 

10     0     0 
5     0     0 

15     0     0 

9     5     0 


142     6  5 

6     3  6 

15     4  6 

1     0  0 

14  17  5 

1,063  14  8 

22  18  10 


203  16  10 


1,086  13     6 


We  have  examined  the  above  account  of  receipts  and  payments, 
with  the  books  and  vouchers  relating  thereto,  and  certify  that  in 
our  opinion  it  is  correct. 

John  G.  Benson  &  Son, 

Chartered  Accountants. 

Newcastle-upon-Tyne, 

September  8th,  1899. 


£3,984  10     8 
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ACCOUNTS. 


The  Institution  op  Mining 


Xtabilttieg. 

Sundry  Creditors — 

Advertizements  Paid  in  Advance 

Printing,  etc. 

Postage  of  Transactions    ... 

Abstracts  of  Foreign  Papers 

Barometer  Readings 

Prizes  for  Papers  in  Vols.  XVI.  and  XVII. 

Index,  Vol.  XVII.  

Advertizement  Commission,  &c. 

Ba'ancc  -of  Assets  over  Liabilities    ... 


&    s.     d.         &     s.    d. 

43  0  0 
783  9  2 
1 50     0     0 

80     0     0 
8     0     0 

20     0     0 

15     0     0 

30  10  10 

1,130     0     0 

1 ,098     1     1 


We  have  examined  the  above  Balance  Sheet,  with  the  books 
and  vouchers  relating  thereto,  and  certify  that  in  our  opinion  it 
exhibits  a  correct  view  of  the  affairs  of  the  Institution. 

We  have  accepted  the  asset  "  Transactions  in  Stock  "  as  valued 
by  the  Officials  of  the  Institution. 

John  G.  Benson  &  Son, 

Chartered  Accountants. 
Xewca.stU'-nj)on-Tyne, 

February  10/7/,  1900. 


£2,228     1     1 


ACCOUNTS. 
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K.sciNKi'.us.— Halam'k  sim;i:t.  ,luhY  31,   L899. 


Balance  at  Bank     ...        ...        

„       in  hand 

Subscriptions  Unpaid,  Fear  ending  July  31,  1899 — 

b\  derated — 

Chesterfield   and   Midland  Counties  Institution  of  Mu- 
tineers 

Midland  Institute   of   Mining,  Civil    and  Mechanical 

Engineers  ... 
Mining  Institute  of  Scotland 
North  of  England  Institute  of  Mining  and  Mechanical 

Engineers... 
North  Staffordshire  Institute  of  Mining  and  Mechanical 

Engineers... 

South  Staffordshire  and  East  Worcestershire  Institute 
of  Mining  Engineers 

Local  Publications  and  Authors'  Copies  Unpaid — 

North  Staffordshire  Institute  of  Mining  and  Mechanical 
Engineers  ... 

South  Staffordshire  and  East  Worcestershire  Institute 
of  Mining  Engineers       ...         

Transactions  Sold — 

The  Institution  of  Mining  Engineers 

Chesterfield  and  Midland  Counties  Institution  of  En 

gineers     ...         ...         ...         

Mining  Institute  of  Scotland 

North  of  England  Institute  of  Mining  and  Mechanica 
Engineers  ... 

North  Staffordshire  Institute  of  Mining  and  Mechanical 

Engineers  ... 
South  Staffordshire  and  East  Worcestershire  Institute 

of  Mining  Engineers 

Reducing  Plates — 

Midland  Institute  of    Mining,  Civil  and   Mechanical 
Engineers  ... 

Mining  Institute  of  Scotland 

South  Staffordshire  and  East  Worcestershire  Institute 
of  Mining  Engineers       

Advertizements  unpaid  

Transactions  in  Stock  ... 


&     B.     d. 

1,063  14     8 

22  18   10 


51     6     0 

5  14    0 

(i  19     0 

63  13  0 
13  5  11 
21   17     0 


s.    d. 


1,086  13     6 


0  15  9 

0  19  2 

1  8  6 

6  16  8 

0  13  4 

1  0  0 
5  13  4 

11   13  4 


0  10     0 

1  0     0 

0  10     0 


156  14  11 


1  14  11 


27 


2 
165 


0     0 
3     4 


1,439  11   10 
788     9     3 


£2,228     1     1 
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THE  RATING  OF  COAL  MINES. 


By  GEORGE  HUMPHREYS-DA  VIES. 


From  the  earliest  times,  the  duty  of  providing  for  the  relief  of  the 
"  lame,  impotent,  old,  blind  and  such  other  among  them  being  poor  and 
not  able  to  work  "  appears  to  have  been  borne  by  the  owners  of  real 
property.  This  was  probably  because,  until  law  and  order  were 
efficiently  established,  it  was  not  possible  to  carry  on  any  trade  or 
manufacture  which  was  productive  of  substantial  profit.  In  the  forty- 
second  year  of  the  reign  of  Elizabeth  the  condition  of  the  country  had. 
however,  so  far  improved  that  Parliament  passed  an  Act  by  which  the 
burden  was  thrown  upon  the  occupiers  of  lands,  houses,  tithes,  coal- 
mines and  saleable  underwood.  It  is  under  this  Act  that  coal-mines 
and  profits  derived  from  stocks-in- trade  were  made  rateable.  Coal- 
mines were  no  doubt  specially  mentioned,  because  coal  had  then  been 
found  to  be  a  valuable  commodity  and  its  use  had  become  considerable. 

The  principles  upon  which  property  liable  to  be  rated  had  to  be 
assessed  was  laid  down  by  Parliament  in  the  year  183G,  and  remains 
practically  unaltered.  By  the  Act  of  G  and  7  William  IV.,  cap.  9H, 
it  was  declared  that  no  rate  should  be  valid  which  was  "not  made 
upon  an  estimate  of  the  net  annual  value  of  the  several  hereditaments 
rated  thereunto,  that  is  to  say,  of  the  rent  at  which  the  same  might 
reasonably  be  expected  to  let  from  year  to  year  free  of  all  usual  tenants' 
rates  and  taxes  and  tithe -commutation  rent-charge,  if  any,  and 
deducting  therefrom  the  probable  average  annual  cost  of  the  repairs, 
insurance  and  other  expenses,  if  any,  necessary  to  maintain  them  in  a 
state  to  command  such  rent." 

Doubts  as  to  the  policy  of  rating  stocks  in -trade  and  trade-profits 
appear  to  have  become  general  in  the  early  part  of  the  present  century, 
and  the  difficulty  of  continuing  the  custom  in  the  face  of  the  recently 
enacted  provisions  above  quoted  was  so  great  that,  in  1840,  an  Act  was 
passed  making  it  unlawful  to  tax  the  profits  of  stocks-in-trade  or  other 
similar  property  for  the  relief  of  the  poor. 

From  this  statement  it  will  be  seen  that  a  coal-mine  is  to  be  rated  at 
the  sum  at  which  it  would  let  on  an  ordinary  yearly  tenancy  at  the  time 
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when  the  rate  is  made,  but  that  from  the  gross  rent  which  the  tenant 
would  pay  to  the  landlord  is  to  be  deducted  the  cost  that  the  landlord 
would  incur  for  repairs,  renewals,  and  insurance,  or,  in  other  words,  that 
the  rateable  value  is  to  be  the  net  amount  of  money,  which  on  an 
average  of  years  a  prudent  landlord  could  spend  out  of  his  income  for 
his  own  purposes  without  the  risk  of  diminishing  the  amount  of  that 
income. 

The  tenancy  contemplated  by  the  Act  is  to  be  upon  the  conditions 
which  the  law  assumes  to  be  implied  in  the  absence  of  any  express 
agreement,  that  is,  the  rent  having  been  fixed,  the  tenancy  is  to  con- 
tinue until  one  or  the  other  of  the  parties  gives  to  the  other  of  them 
at  least  G  months'  notice  to  terminate  it  at.  the  end  of  any  com- 
pleted year,  that  is  to  say,  at  the  same  period  of  the  year  as  that  on 
which  it  commenced.  The  tenant  is  under  no  liability  to  repair, 
insure  or  renew  the  property,  but  must  make  good  any  damage  not  due 
to  reasonable  wear  and  tear. 

During  the  continuance  of  this  tenancy  the  rent  will  remain  the 
same,  whether  the  value  of  the  property  alter  or  not.  If  either  party 
wishes  to  alter  the  rent,  G  months'  notice  must  be  given,  and  a  fresh 
tenancy  created.  For  rating  purposes,  it  is  to  be  assumed  that  both 
parties  are  reasonable  and  fair-minded  men  who  will  not  seek  to  alter 
the  rent  unless  there  be  such  a  permanent  variation  in  the  circumstances 
which  affect  the  letting  value  of  the  property  as  to  make  an  increase 
or  diminution  of  the  rent  necessary. 

As  the  fundamental  idea  of  the  Poor  Law  has  been  to  make  the 
occupier  contribute  according  to  bis  ability  so  far  as  it  can  be  estimated 
from  the  property  that  he  occupies  at  the  time  when  the  rate  is  made, 
it  will  be  seen  that  the  "  annual  value  "  is  the  best  standard  by  which  to 
judge  of  this  ability. 

Various  methods  are  in  use  in  different  parts  of  the  country  for 
arriving  at  the  amount  at  which  the  occupier  of  a  coal-mine  should  be 
rated.  It  is  not  necessary  for  the  present  purpose  to  deal  with  these 
methods,  as  the  object  of  the  paper  is  rather  to  give  in  such  detail  as 
time  will  permit  the  principles  to  be  observed  in  order  to  carry  out  the 
assessment  of  a  coal-mine  in  accordance  with  the  Acts  to  which 
reference  has  been  previously  made. 

In  the  first  place,  it  is  to  be  observed  that  the  thing  to  be  rated  is 
neither  the  produce  of  the  coal-mine  nor  the  profit  of  the  coal-mine,  but 
that  the  occupier  is  to  be  rated  at  the  sum  which  the  landlord  or  owner 
would  receive  as  rent  for  the  coal-mine  or  other  property  occupied  by  him. 

23 
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It  appears,  therefore,  that  neither  the  rent  nor  royalty,  reserved  under  a 
mining-lease  and  fixed  for  a  long  term  of  years,  can  be  a  true  criterion 
of  the  rateable  value  of  the  mine  when  it  has  been  opened  under  such  a 
lease.  Apart  from  the  fact  that  the  royalty  itself  may  be  found  to  be 
too  high  or  too  low,  it  is  manifest  that  a  sum  arrived  at  by  taking  the 
aggregate  royalties  paid  during  12  months,  after  all  the  profits,  advan- 
tages and  risks  of  that  period  have  been  ascertained,  is  likely  to  give  a 
sum  entirely  different  from  the  fixed  sum  which  a  tenant  would  agree 
to  pay  before  all  those  profits,  advantages  and  risks  were  known  or 
foreseen.  This  distinction  is  important,  because  the  law  contemplates 
a  certain  rent  fixed  in  advance,  and  not  a  variable  rent  fixed  in  arrear. 
Lord  Denman  said  in  Regina  versus  Westbrook: — 

Still  it  must  always  be  remembered  that  the  ultimate  question  is  that  pro- 
pounded by  the  statute  ;  and,  therefore,  the  amount  which  has  been  paid,  or 
which  it  is  reasonable  to  infer  will  be  paid,  is  only  evidence,  not  the  fact  itself  to 
be  ascertained.  When,  therefore,  the  case,  came  to  the  sessions,  it  was  open  to 
the  appellants  to  prove  such  uncertainty  in  the  market,  or  such  circumstances 
affecting  the  process  of  making,  as  showed  that  the  parish  officers  had  done  wrong 
in  concluding,  from  such  a  quantity  made,  or  expected  to  be  made,  that  the  land 
might  be  reasonably  expected  to  let  from  year  to  year,  at  a  rent  measured  by  that 
quantity  ;  such  evidence  would  have  raised  a  question  of  fact  for  the  sessions,  and 
they  would  have  had,  upon  the  whole,  to  sustain  or  reduce  the  amount  of  the 
assessment.  It  may  well  be  that,  although  at  the  end  of  the  year  the  lessee  has 
made  so  many  bricks  that  he  can  afford  to  pay  £150  in  royalty  to  his  landlord,  he 
could  not  prudentty,  at  the  beginning  of  the  year,  contract,  at  all  events,  to  pay 
more  than  £100  ;  and,  if  so,  the  latter  rather  than  the  former  will  be  the  sum  at 
which  the  land  may  reasonably  be  expected  to  let  from  year  to  year.  And  this  is 
what  we  understand  the  sessions  to  mean  in  Westbrook's  case  by  their  special 
finding  ;  the  parish  officers  estimate  the  rent  at  a  supposed  amount  of  bricks 
actually  made  ;  and  the  royalty  then  payable  on  such  amount  ;  from  this  they 
make  such  dedu  tions  as  reduce  the  rateable  value  to  £159  10s.,  but  the  sessions 
say  that,  placing  the  tenant  on  exactly  the  same  footing  as  to  the  incidents  of  his 
occupation,  but  calling  on  him  to  say  beforehand  what  rent  he  would  pay  per  acre 
for  it,  he  could  not  be  expected  to  give  more  than  £10  per  acre,  which  on  the 
whole  would  amount  to  a  little  more  than  a  £100.  This  latter  appears  to  us  to  be 
the  true  criterion  rather  than  the  former,  and  the  rate  must  be  amended 
accordingly. 

Tt  is  also  to  be  observed  that  the  unworked  coal  lying  in  the  seam  is 
not  rateable,  because  it  is  unoccupied  and  produces  no  profit.  There 
is  no  law  which  makes  rateable  an  unworked  mineral,  or  indeed  any 
other  property  producing  no  profit ;  and  were  it  otherwise,  the  difficulty 
of  carrying  such  a  law  into  effect  would  be  insuperable. 

Tt  will  also  be  seen  that,  immediately  coal  lying  in  a  seam  is 
separated  from  that  seam,  it  becomes  the  stock-in-trade  of  the  colliery- 
proprietor,  and  therefore  is  exempt  from  rating  per  se  under  the  Act  of 
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1840  already  referred  to.     Further  than  this,  the  coal  neither  in  the 

seam  nor  when  separated,  comes  under  the  descriptive  words  "coal- 
mine."  One  is  left  i In sref ore  necessarily  to  conclude  that  the  words  of 
the  Act  of  Elizabeth  were  intended  to  describe  the  surface-land  occupied 
in  raising  the  coal  and  the  land  occupied  by  the  shafts,  underground 
workings  an  1  roadways.* 

The  difficulty  of  estimating  the  rent  which  a  tenant  from  year  to 
year  would  pay  for  property  of  this  class  is  undoubtedly  great.  The 
valuation  of  houses  and  land  is  comparatively  easy,  because  a  valuer  has  a 
large  extent  of  very  similar  property  which  is  constantly  let  upon 
annual  tenancies  with  which  he  can  compare  the  property  that  he  has  to 
value.  This  is  not  so  in  the  case  of  a  coal-min'e,  because  the  workings 
and  the  difficulties  to  be  contended  with  vary  enormously,  even  among 
adjoining  mines  working  the  same  seams  of  coal,  and  further  than  this, 
such  mines  are  not  let  upon  annual  tenancies.  The  rent  and  royalty 
under  a  mining-lease  afford  no  criterion  of  value  because  the  lease  for  a 
long  term  of  years  is,  as  a  rule,  entered  upon  before  coal  is  won  or  the 
difficulties  of  working  it  are  known.  Such  a  lease  is,  of  necessity,  more 
or  less  a  speculation,  because  it  is  an  attempt  to  fix  the  price  and  a  rent 
for  a  thing  which  cannot  be  seen  and  of  which  even  the  existence  is 
more  or  less  doubtful. 

A  mining-lease  not  only  grants  a  right  to  occupy  and  use  the  land, 
but  also  is,  in  effect,  the  sale  of  a  part  of  the  soil  included  in  the  lease, 
the  purchase-money  of  which  is  paid  on  a  system  somewhat  similar  to 
that  adopted  by  building-societies  in  connexion  with  the  purchase  of 
house-property. 

Another  circumstance  which  prevents  a  valuer  from  forming  an 
estimate  of  the  annual  rent  of  a  coal-mine  by  comparison  with  other 
mines  is,  that,  although  they  may  be  working  the  same  seam  of  coal, 
which  may  be  even  of  the  same  thickness  nnd  quality  throughout,  yet, 
owing  to  differences  in  the  depth  and  in  the  nature  of  the  seam  and 
roof,  the  value  of  the  coal  will  vary  more  or  less  as  between  each  mine. 
The  age  of  the  mine  will  ako  affect  its  value,  because,  until  the  coal  is 
fully  opened  out,  it  will  be  more  expensive  to  work,  and  then  after  a 
time  it  will  decrease  in  value  because  of  the  long  distance  which  the 
coal  has  to  be  hauled  underground  and  the  additional  expense  of  this 
haulage  and  the  maintenance  of  the  longer  roadways  attendant  thereon. 
In  this  respect  it  is  obvious  that  the  net  profit  and  value  to  a  tenant 
will  be  considerably  affected  by  the  output  of  the  mine  because,  although 

'  The  definition  of  "  mine  "  in  The  Century  Dictionary  confirms  this  conclusion. 
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the  actual  cost  of  getting  and  raising  the  coal  may  be  a  fixed  quantity, 
yet  there  are  certain  establishment  or  standing  charges  which  will 
remain  approximately  the  same  whether  the  output  be  large  or  smnll. 
It  is  therefore  obvious  that  the  total  expense  per  ton  of  coal  sold  will  be 
greater  with  a  small  output  than  with  a  large  output,  because  these 
establishment-charges  will  be  spread  over  a  smaller  quantity,  while  the 
selling-price  of  the  coal  will  in  each  case  remain  the  same. 

In  Rex  versus  Attwood  it  was  decided  that  in  assessing  a  coal-mine 
no  deduction  could  be  made  for  replacing  the  capital  value  of  the  coal 
which  was  removed  and  sold  under  the  lease.  It  has  been  contended 
that  this  decision  means  that  the  coal  qua  coal  is  rateable.  It  is 
suggested  that  this  inference  is  incorrect,  and  that  it  should  rather  be 
assumed  that  the  court  meant  that  the  deduction  could  not  be  made  from 
the  rateable  value,  because  the  thing  itself,  namely,  the  coal,  in  respect 
of  which  the  deduction  was  claimed  was  not  included  in  the  assessment. 
Be  this  as  it  may,  this  decision  was  given  in  the  year  1827,  when  the 
profits  of  stocks-in- trade  were  rateable,  and  as  we  have  seen,  an  Act 
was  subsequently  passed  exempting  such  property  from  the  rate. 
Therefore,  it  is  submitted  that  the  decision  in  that  case  is  obsolete. 

It  has  been  decided  that  the  rent  actually  paid  is  not  conclusive 
evidence  as  to  the  letting  value  of  the  rateable1  property,  but  that  it  is 
evidence  which  may  be  laid  before  the  court.  It  has  also  been  decided 
in  the  case  of  Dodds  versus  South  Shields  Union  that  an  Assessment 
Committee  cannot  compel  the  occupier  of  a  property  to  disclose  his 
profits,  yet,  by  that  case  and  the  more  recent  case  in  the  Court  of 
Appeal  of  Cartwright  versus  Sculcoats  Union  it  was  decided  that 
where  a  valuer  cannot  by  comparison  with  similar  property  in  the 
neighbourhood  form  a  correct  estimate  of  the  letting  value  of  the 
property  without  enquiry  into  the  receipts  and  expenses,  then  such 
enquiry  may  be  made. 

In  order  to  arrive  at  the  correct  method  of  estimating  the  rent  of  a 
"  coal-mine,"  and  having  pointed  out  what  is  excluded  from  the  term, 
it  is  necessary  to  consider  what  is  the  nature  of  the  property  which  does 
fall  under  that  description. 

A  coal-mine  appears  in  effect  to  be  nothing  but  an  underground 
railway  of  exactly  the  same  nature  as  the  underground  railways  in 
London.  These  tunnels  are  used  for  the  conveyance  of  goods  and 
passengers,  and,  in  the  case  of  electric  railways,  are  provided  with 
hydraulic  lifts,  which  are  exactly  similar  in  principle  to  the  shafts  of 
a  coal-mine.     The  chief  difference  is  that  coal-mines  are  not  constructed 
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under  Parliamentary  powers  for  public  use,  but  under  private  arrange* 
menta  between  the  owner  of  the  soil  and  the  colliery^proprietor.  Instead 
of  carrying  goods  and  passengers  in  return  for  fares  and  tolls  fixed  by 
Parliament,  the  underground  tunnels  and  rails  are  constructed  and 
used  by  the  colliery-proprietor  for  the  carriage  of  coal  belonging  to  the 
landowner,  who  enters  into  a  contract  by  which  the  whole  risk  and 
expense  of  getting,  raising  and  selling  the  coaJ  is  thrown  upon  the 
contractor  by  whom  the  line  is  constructed  and  who  pays  himself  in 
kind  and  gives  the  landowner  a  fixed  net  price  for  the  coal.  Arrange- 
ments, in  some  respects  similar,  are  made  with  regard  to  some  of  the 
underground  and  other  railways  whieh  are  leased  by  the  constructing 
companies  to  other  companies  to  work  at  fixed  rentals.  In  some  other 
cases,  the  railways  have  been  constructed  by  a  contractor  who  has  also 
taken  a  lease  of  the  line  to  be  constructed.  In  these  cases  it  has  been 
held  that  the  receipts,  and  not  the  actual  rent,  are  the  true  criterion  of 
the  rateable  value. 

There  are  other  railways  upon  the  surface  used  for  the  conveyance 
of  minerals,  some  of  which  are  not  constructed  under  Parliamentary 
powers.  The  only  difference  between  these  railways  and  the  under- 
ground workings  of  a  colliery  is  that  they  are  on  the  surface  instead  of 
beneath  it,  and  in  all  such  cases  it  is  admitted  that  the  receipts  and 
expenses  are  the  true  criteria  of  value. 

The  writer  has  made  these  comments  upon  the  nature  of  a  coal- 
mine because  it  appears  to  him  necessary  to  show  that  there  is  no 
difference  in  law  or  in  fact,  to  make  colliery-workings  rateable  on  any 
principle  different  from  that  applied  to  similar  property  whether  upon 
the  surface  or  underground.  If  this  be  the  case,  the  words  of  the  Act  of 
William  IV.  which  define  what  deductions  from  the  gross  value  must  be 
made,  apply  as  much  to  a  colliery  as  to  a  railway,  although  the  words 
used  to  describe  the  two  things  may  be  different. 

If  the  identity  of  the  two  things  be  established,  any  difficulty 
disappears  as  to  the  principles  upon  which  the  gross  estimated  rental  is 
to  be  arrived  at  and  upon  which  the  deductions  for  repairs,  renewals  and 
insurance  are  to  be  made,  because  they  have  been  clearly  laid  down 
in  numerous  decisions  affecting  the  rating  of  railways  and  similar 
property. 

The  principle  of  arriving  at  the  gross  estimated  rental  of  coal-mines 
by  ascertaining  the  quantity  of  coal  worked  in  each  parish  and  of  placing 
an  estimated  royalty  per  ton  upon  that  coal  appears  to  be  adopted  in 
Borne  districts.      This  course  of  procedure  is  fallacious,  because   it  is 
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impossible  by  rule  of  thumb  to  estimate  accurately  the  value  of  coal  in 
different  parishes,  which  lies  at  various  depths  and  is  worked  at  various 
distances  from  the  shaft,  sometimes  to  the  dip  and  sometimes  to  the  rise, 
sometimes  with  a  bad  roof  and  with  water  and  other  troubles,  and  some- 
times with  none  of  these  troubles.  Such  a  method  also  takes  no  account 
of  a  parish  in  which  little  or  no  coal  is  being-  worked,  but  which  has  long- 
lengths  of  roads  and  airways  through  which  coal  is  taken  from  outlying 
parishes  to  the  shaft.  En  such  a  case  by  this  system  such  a  parish, 
although  having  a  valuable  piece  of  property  running  through  it,  would 
have  no  rateable  value  given  to  it,  while  a  parish  in  which  a  large 
quantity  of  coal  was  worked,  but  in  which  there  was  but  a  short  length 
of  road,  would  obtain  the  whole  of  the  benefit. 

In  the  case  of  a  surface-railway,  it  happens  frequently  that  a  long- 
length  of  main  line  runs  through  a  parish  in  which  there  is  no  station 
and  consequently  in  which  no  money  is  received.  Under  the  system  now 
referred  to,  such  a  parish  would  obtain  no  rateable  value,  but  the  whole 
would  be  given  to  the  parishes  in  which  the  stations  were  situated,  in 
accordance  with  the  receipts  of  these  stations. 

It  was  long  since  held  that  this  was  not  the  correct  method,  but  that 
the  receipts  and  profits  were  to  be  apportioned  throughout  the  whole  of 
the  line  traversed.  It  has  also  been  decided,  with  respect  to  maintenance 
and  renewal,  that  their  aggregate  cost  was  not  to  be  apportioned  equally 
for  the  whole  line,  but  that  the  actual  expenses  were  to  be  allocated  to 
those  parts  of  the  system  where  they  arose,  so  that  a  parish  which  has  a 
piece  of  line  which  is  expensive  to  maintain  should  have  that  expense 
thrown  upon  it,  and  not  be  relieved  at  the  expense  of  other  parishes 
which  had  better  properties. 

It  is  the  custom,  apparently,  in  many  districts  to  assess  both  the 
gross  and  rateable  values  of  coal-mines  at  the  same  amounts.  This 
custom  is  presumably  based  on  a  supposition  either  that  in  the  case 
of  coal-mines  the  occupier  usually  undertakes  the  task  of  maintaining* 
the  mine  in  a  tit  working  state,  or  that  it  is  the  coal  and  not  the  mine 
which  is  to  be  rated. 

The  Superior  Courts  have  recently  held  this  system  to  be  wrong, 
;in<l  that  the  Acts  of  43  Elizabeth,  cap.  2,  and  of  6  &  7  William  IV., 
cap.  (J6,  must  be  carried  out  in  their  entirety. 

The  annual  average  expenditure  for  repairs  is,  in  a  well  managed 
concern,  a  question  of  fact  which  can  be  often  ascertained  from  the 
colliery- books. 

It  is,  however,  necessary  by  independent  surveys  to  consider  whether 
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this  expenditure  is  sufficient  or  extravagant,  and   expenditure  in  the 

nature  of  additions  or  extensions  lias  bo  be  eliminated  as  it  is  not  part  of 
the  work  of  keeping  bhe  hereditament  in  a  state  of  repair. 

It  has  been  shown  that  bhe  "coal-mine"  as  described  in  bhe  Act 
consists  of  bhe  shafts,  that  is,  the  means  of  communication  from  the 
Burface  of  the  land  to  the  underground  workings,  together  with  the 
roads  for  bringing  the  coal  to  the  bottom  of  the  shaft.  These  latter 
are  laid  with  rails  or  tramlines,  and  the  roof  is,  where  necessary, 
supported  by  bimber  or  steel  girders,  and  they  are,  in  fact,  tunnels. 
In  places— where  the  roof  is  very  bad — the  tunnels  are  actually  formed 
of  brickwork.  There  are  also  numerous  airways  for  ventilation  purposes. 
The  roads  and  airways  are  constantly  being"  lengthened  as  the  working- 
face  of  the  coal  is  removed  farther  away  from  the  pit-bottom.  There- 
fore, the  hereditament  continually  becomes  larger  and  more  expensive 
to  maintain.  It  is  apparent  that  though  as  a  matter  of  custom  the 
repairing  of  the  roads  and  airways  and  the  maintenance  of  the  tramlines 
are  included  by  the  occupier  of  the  mine  in  his  expenses,  and  the  cost 
of  this  is  usually  thrown  upon  him  by  the  covenants  of  the  lease,  yefc 
they  are  expenses  which,  under  the  Act,  are  to  be  deducted  from  the 
gross  estimated  rental  of  the  mine  rather  than  from  the  gross  receipts, 
as  is  the  case  with  the  ordinary  working  expenses  of  cutting  and  raising 
the  coal.  It  is  also  apparent  that  the  separation  of  these  costs  from 
the  costs  of  actually  getting  the  coal  from  the  working-face  and  trans- 
porting it  to  the  surface,  is  to  a  great  extent  a  question  of  mine- 
administration  and  book-keeping,  and  that  these  costs  will  vary  as  the 
nature  of  the  mines  vary. 

Until  the  Denaby  Main  colliery  case  was  brought  before  the  law- 
courts  there  had  been  no  case  tried  which  clearly  elucidated  the 
principles  upon  which  a  coal-mine  should  be  rated.  There  were 
consequently  no  decisions  to  guide  an  Assessment  Committee  as  to 
the  maimer  in  which  an  estimate  of  the  rateable  value  of  a  coal-mine 
should  be  made. 

This  case  arose  out  of  the  assessment  of  the  well-known  Denaby 
Main  and  Cadeby  Main  collieries,  and  was  decided  upon  a  case  stated  by 
the  arbitrator  at  the  request  of  the  parties  for  the  opinion  of  the  High 
Court,  in  order  that  his  decision  might  not  afterwards  be  contested  on 
any  of  the  points  set  out  in  the  case. 

In  order  to  arrive  at  an  estimate  of  the  rent  which  a  yearly  tenant 
would  give  for  these  collieries,  the  appellants  sought  to  give  evidence  of 
the   receipts,   working  expenses  and  the   costs  of  maintenance.       This 
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evidence  was  objected  to  by  the  respondents,  who  further  contended  that 
no  deductions  should  be  made  from  the  gross  estimated  rental  for  the 
repairs,  renewals  and  insurance  of  the  mines,  in  order  to  arrive  at  their 
rateable  values. 

The  Court  deeided  in  favour  of  the  appellants  on  both  these  points, 
holding  that,  where  the  receipts  and  expenditure  afforded  the  best  means 
of  arriving  at  an  estimate  of  the  rateable  value,  the  accounts  of  the 
undertaking  were  admissible  for  the  purpose,  and  that  where  it  could  be 
shown  that  there  was  any  expense  in  maintaining,  renewing  and  insuring 
the  hereditament  in  order  to  keep  it  in  such  a  state  as  to  command  the 
gross  estimated  rent  then  a  proper  deduction  should  be  made  from 
the  gross  estimated  rental  as  set  out  in  the  rate,  and  that  the  statement 
in  the  rate  as  to  this  gross  rent  was  conclusive  evidence  which  the 
respondents  were  bound  by  and  could  not  impugn. 

This  decision  was  given  on  April  5th,  1898,  and  the  endeavour 
has  been  made  to  give  due  weight  in  this  paper  to  the  arguments  and 
judgment. 


Mr.  G.  0.  Greenwell  (Durfield)  wrote  that  Mr.  Humphreys-Davies' 
paper  explained  very  well  the  method  and  principles  of  which  the 
adoption  was  attempted,  but  it  did  not  appear  to  him  to  throw  any 
new  light  on  the  mode  of  obtaining  a  satisfactory  result,  and  such  a 
result  will  not  be  attained  so  long  as  the  "  mineral "  worked  is  taken 
as  the  subject  of  valuation.  In  18(15,  he  read  a  paper  on  the  rating  of 
coal-mines  to  the  members  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers"  which  fully  recorded  his  views  upon  this 
subject,  and  they  had  not  since  changed.  In  that  paper  he  advocated 
the  rating  of  "mines,"  properly  so  called,  and  of  those  only,  the  quantities 
worked  being  the  gauge  of  the  importance  of  the  occupation. 

Mr.  M.  W.  Parrington  (Sunderland)  wrote  that  the  subject  of 
rating  was  of  vital  importance  to  owners  of  collieries,  and  was  becoming 
more  so  year  by  year  in  proportion  as  local  taxation  was  increased.  He 
feared,  however,  that  no  paper  read  before  this  Institution,  however  ably 
written,  would  have  the  effect  of  removing  the  inequality  of  the  rating 
of  coal-mines  as  compared  with  that  of  other  industries.  Colliery- owners 
were  largely  to  blame  for  this  state  of  things.     Their  trade  was  one  of 

*   Tram.,  vol.,  xiv.,  page  93. 
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i  \iivinr  fluctuations,  and  after  the  most  extreme  upward  fluctuation  on 
record,  in  the  year  1878,  they  allowed  the  assessment  of  collieries,  in  a 
\rv\  large  number  of  poor-law  unions  in  the  country,  to  he:  in  many 
cases  more  than  doubled.  This  did  not  at  the  time  seem  a  very  serious 
thing  to  owners  whose  collieries  were  situated  in  rural  unions,  as  the 
Elementary  Education  and  Local  Government  Acts  had  not  yet  had 
their  effect  on  taxation,  and  a  half-yearly  rate  of  Is.  in  the  pound 
generally  met  local  requirements.  Local  taxation  was  now  becoming 
onerous  in  ordinary  conditions  of  the  coal-trade,  and  he  feared  that  it 
would  be  found  very  difficult  under  the  existing  law  to  obtain  any  relief 
from  such  inequalities,  of  which  he  would  give  an  example.  A  colliery, 
situated  in  the  urban  part  of  the  union  of  Sunderland,  and  comprising 
the  port  of  Sunderland,  had  been  working  for  65  years,  entirely  in  two 
seams  of  coal,  and  necessarily  the  workings  were  now  at  an  exceptional 
distance  from  the  shafts.  The  gross  drawings  in  1898  were  632,000 
tons  of  coal.  The  chief  industry  of  the  port  of  Sunderland  was  ship- 
building, and  although  no  exceptionally  large  vessels  were  built,  the 
aggregate  tonnage  of  shipping  turned  out  exceeded  that  of  any  other 
separate  pert,  and  in  1898  it  was  262,673  tons.  It  was  between  these 
two  industries  that  he  would  give  an  illustration  of  existing  inequality  in 
valuation  for  rating  purposes.  The  valuers  for  the  union  were  recently 
instructed  to  re-value  the  colliery  and  plant  only,  and  their  valuation 
exceeded  that  of  the  whole  of  the  shipbuilding  yards  of  the  port, 
although  the  value  of  the  shipping  built  could  not  be  estimated  at  less 
than  ten  times  that  of  the  output  of  the  colliery.  The  gross  valuation 
was  also  nearly  double  the  sum  of  the  yearly  royalty  paid,  although 
the  principal  lease  of  the  colliery  and  nearly  all  the  other  leases  were 
shown  to  be  of  recent  date.  hi  his  opinion  there  was  no  remedy 
for  such  a  state  of  things  as  he  had  endeavoured  to  describe  under 
the  existing  vague  condition  of  the  law.  It  seemed  absurd  that  the 
enormous  sums  of  money  necessary  for  the  local  administration  of  the 
country,  collected  from  mine-owners,  should  be  imposed  under  an  Act 
passed  in  the  reign  of  Queen  Elizabeth.  A  general  rating  act  was 
wanted,  setting  forth  how  each  class  of  property  should  be  valued,  and 
what  proportion  of  the  rates  it  should  bear. 

Mr.  W.  Logan  (Langley  Park)  wrote  that  he  had  read  through  this 
paper  carefully,  and  while  it  was  entirely  in  keeping  with  the  author's 
previous  paper  on  the  same  subject,  it  was  admittedly  written  with  a 
view  of  elucidating  the  decision  in  the  Denaby  Main  and  Cadeby  Main 
colliery  case,  and  to  ask  members  to  accept  the  ruling  in  that  case  as 
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being  applicable  to  the  future  rating  of  coal-mines.  His  own  impression, 
from  a  careful  reading  of  the  case,  was  that  the  judges  referred  to  it 
as  "an  exceptional  case,''  and  thereby  limited  their  decision  to  the 
Denaby  Main  and  Cadeby  Main  collieries,  but  in  this  opinion  he  might 
be  wrong. 

Mr.  Edward  Boyle,  Q.C.,  in  a  paper  read  before  the  Surveyors' 
Institution"  in  January,  1899,  gave  a  clear  illustration  of  how  the 
decision  in  this  case  would  be  applied  in  practice,  and  while  it  might  be 
technically  and  legally  correct,  he  ventured  to  think  that  it  would  be 
found  unworkable  in  the  majority  of  the  unions  of  the  country  wherein 
coal-mines  were  situate. 

The  paper  by  Mr.  E.  Boyle  and  that  by  Mr.  Humphreys-Davies 
might  be  taken  as  being  on  the  same  lines  ;  and  their  proposed  founda- 
tion of  the  rating  was  to  ascertain  first  the  gross  receipts  from  the  sales 
of  the  coals,  and  from  that  certain  deductions  were  to  be  made,  which  if 
less  than  the  gross  value  would  leave  a  sum  to  represent  the  rateable 
value  of  the  mine.f  This  might  be  all  very  well  in  theory,  but  in 
practice  he  did  not  consider  that  it  would  be  workable.  It  would 
require  a  very  large  number  of  experts  to  be  constantly  at  work  in  a 
union  wherein  there  were  a  number  of  coal  mines,  and  would  thus 
constitute  a  large  source  of  expense  to  the  ratepayers.  The  varia- 
tions in  the  rating  would  from  year  to  year  cover  a  wide  range,  and 
cause  considerable  fluctuations  in  the  rate  per  £  to  be  paid  by  the  other 
ratepayers.  He  did  not  think  that  a  colliery- owner  would  care  to 
disclose  his  profit  when  it  was  good  any  more  than  he  would  care 
to  expose  his  loss  when  it  was  large. 

It  might  be  a  fallacious  system  to  arrive  "  at  the  gross  estimated 
rental  of  coal-mines  by  ascertaining  the  quantity  of  coal  worked 
in  each  parish,"  I  but  an  experience  of  over  20  years  as  a  member  of 
an  Assessment  Committee  in  a  union  wherein  there  were  a  large  number 
of  collieries  led  him  to  the  conclusion  that  where  it  was  carefully 
applied  an  equitable  and  just  assessment  could  be  arrived  at.  The 
variations  in  the  conditions  of  the  collieries  in  any  one  union  were 
not  so  great  that  a  scale  could  not  be  applied  assessing  the  best  and 
thickest  coal  at  a  maximum  tonnage-rate,  graduated  downward  to  a 
minimum  tonnage-rate  for  the  poorest  and  thinnest  seams,  and  still 
giving  all  due  consideration  to  any  special  circumstances  prevailing  at 

*   Transactions,  1S99,  vol.  xxxi.,  page  143. 

f  It  is  not,  however,  clear  what  would  happen  if  the  deductions  were  greater 
than  the  gross  receipts.  J  Trans.  Inst.  M.E.,  vol.  xviii.,  page  233. 
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any  individual  colliery.  Where  this  was  done  the  rates  did  not  vary  in 
the  union  ezcepl  to  the  extent  of  an  Increase  or  decrease  of  the  quantity 
of  coal  worked,  and  this  in  practice  was  not  found  to  vary  the  rate  in 
the  £  to  any  greatly  appreciable  extent.  There  was  no  difficulty  in 
obtaining  from  the  coal-owner  the  quantity  of  coal  worked  every  year, 
and  having  got  that  information  the  clerk  to  the  Assessment  Committee 
could  in  a  few  days,  without  an  army  of  experts,  produce  a  new  and 
revised  assessment.  This  method  did  take  ''account  of  a  parish  in 
which  little  or  no  coal  is  being  worked,"*  as  it  sustained  a  part  of  the 
assessment  in  proportion  to  the  quantity  of  coal  led  through  the  parish, 
although  the  coal  might  have  been  mined  in  another  parish.  This 
method  was  of  course  subject  to  variations  in  its  application,  as  the  coal 
might  be  assessed  at  so  much  a  ton,  and  the  plant  and  machinery 
assessed  at  a  lump  sum  in  addition.  His  own  opinion  was  that  the 
assessment  should  be  based  alone  on  the  quantity  of  coal  worked,  and 
that  the  plant  and  machinery  should  not  be  assessed,  as  they  have  no 
value  except  for  the  purpose  of  getting  coal.  He  believed  that  he  was 
right  in  saying  that  the  same  result  would  have  been  arrived  at  at 
Denaby  Main  and  Cadeby  Main  collieries  if  the  quantity  of  coal  worked 
had  been  multiplied  by  5d.  a  ton. 

Mr.  J.  A.  Loxgden  (Stanton-by-L)ale)  said  that  there  was  no  doubt 
that  colliery-owners  were  greatly  indebted  to  Mr.  Humphreys-Davies  for 
his  paper  and  to  the  Denaby  Main  Coal  Company  for  the  action  taken 
in  connexion  with  rating.  But  did  Mr.  Hnmphreys-Davies  propose 
that  colliery-owners  should  attend  year  by  year  before  the  i^ssess- 
ment  Committee,  and  tell  them  whether  they  had  had  a  good  or  a  bad 
year  with  the  intention  of  getting  their  rates  adjusted.  The  method 
which  Mr.  Humphreys-Davies  had  condemned  had  been  adopted  for 
many  years,  and  as  far  as  he  was  concerned  he  hoped  that  it  would  still 
be  in  force  for  many  years  to  come. 

Mr.  M.  Deacon  (Chesterfield)  said  that,  for  many  years,  he  had 
taken  great  interest  in  the  subject  of  Mr.  Hnmphreys-Davies'  paper, 
and  in  the  main  he  agreed  with  that  gentleman's  deductions  from  a 
theoretical  point  of  view,  but  from  a  practical  point  of  view  he  hardly 
did  so.  The  royalty  principle  was,  on  the  whole,  the  most  equitable 
basis  that,  could  be  adopted,  but  it  should  be  subject  to  variations  which 
might  occur  in  special  cases.  For  instance,  a  mine,  assessed  on  the 
n  jralty  principle,  which  had  a  large  quantity  of  water  should  be  entitled 

*  Trans.  Inst.  M.E.,  vol.  xviii.,  page  234. 
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to  an  allowance,  and  in  the  same  way,  in  the  case  of  an  old  mine  where 
the  roadways  were  of  great  length  and  expensive  to  maintain,  and  as  the 
quantity  of  coal  coming  out  of  such  roads  was  reduced,  a  rebate  should 
be  allowed.  But  if  they  were  to  ascertain  the  rent  payable  by  the 
hypothetical  tenant  for  a  mine,  they  could  not  take  a  better  basis  than 
the  royalty  one,  subject  to  abatements.  If  such  a  general  basis  were 
not  adopted,  then  they  must  submit  to  a  separate  valuation  of  every 
mine,  which  would  be  inconvenient  to  some  owners,  although  it  might 
prove  of  advantage  to  others.  He  himself  would  object  to  have  his 
mines  valued  by  a  special  valuation  whenever  it  was  thought  necessary 
that  the  valuation  should  be  revised.  In  1874,  a  group  of  coal-mines  in 
South  Wales  was  assessed  at  Is.  3d.  per  ton  on  the  output,  an  appeal  was 
lodged  by  the  colliery-owners,  but  the  rate  was  confirmed  at  Swansea 
Quarter  Sessions.  This  case  showed  what  might  happen  unless  some 
steady  and  regular  system  of  assessing  the  value  of  coal-mines  were 
adopted.  He  might  mention  that,  in  the  Sheffield  union,  both  large 
and  small  coal  was  assessed  at  the  same  rate,  which  seemed  to  him 
hardly  an  equitable  basis,  because  one  colliery  might  have  a  tender  coal 
and  thus  produce  a  large  quantity  of  small,  while  at  another  colliery 
with  a  hard  coal  very  little  small  would  be  produced.  In  South  Wales, 
the  system  of  assessing  small  coal  at  a  less  value  than  the  large  coal  was 
in  force,  and  this  seemed  to  him  a  preferable  system. 

Mr.  John  Nevin  (Mirfield)  said  that  the  last  two  paragraphs  in 
Mr.  Humphreys- Davies'  paper  were  not  in  accordance  with  his  recollec- 
tion of  the  case.  The  court  decided  that  the  company  should  be 
assessed,  not  on  the  hypothetical  rent,  which  had  been  the  rule  in  the 
neighbourhood,  but  on  the  principle  laid  down  in  Mr.  Humplireys- 
Davies1  paper  as  to  railways  and  canals,  the  Denaby  case  would  not, 
however,  rule  the  future.  He  thought  that  in  South  Yorkshire  it  had 
been  the  rule  for  the  collieries  to  be  rated  on  the  rent  which  the 
hypothetical  tenant  was  likely  to  give  for  the  colliery.  There  was 
no  doubt  that  this  method  acted  adversely  on  some  collieries,  as  in  some 
cases  proper  deductions  were  not  allowed  ;  but  he  thought  that  if  they 
were  to  adopt  the  principle  of  the  Denaby  case,  and  produce  their 
accounts  every  year,  it  wTould  be  worse  instead  of  better  for  them. 
Another  point  was  that  a  district  council  liked  to  make  an  estimate  of 
what  their  expenses  would  be,  and  they  made  their  rate  accordingly.  If 
the  coal-trade  happened  to  be. more  depressed  than  usual  and  the  profits 
were  small,  the  rate  would  have  to  be  increased  or  the  district  council 
would  be  in  trouble  before  the  end  of  the  year. 


DISCUSSION      THE  RATING  OF  COAL-MINES.  809 

Mr.  A.  SorwiTH  (Oannock)  said  that  he  had  come  to  the  conclusion 

that  one  must  adopt  some  genera]  system  of  rating  and  not  enter  into  too 
great  detail.  It  was  impossible  to  rate  a  mine  at  the  amount  at  which 
it  would  let  from  year  to  year,  and  it  was  a  difficull  matter  to  make  a 
valuation  for  a  certain  length  of  time.  In  the  case  of  a  large  single 
colliery  in  a  union,  If  it  were  assessed  in  good  times  upon  the  rent  paid 
by  the  hypothetical  tenant,  it  would  be  assessed  far  too  high  when  had 
times  came,  and  if  the  assessment  were  made  in  bad  times  it  would  be 
the  reverse.  Different  systems  were  suitable  for  different  districts,  but 
there  must  be  some  rough-and-ready  method  of  calculating  how  the 
assessment  had  to  be  determined,  and  he  thought  that  in  some  cases  the 
royalty-rent  should  be  taken,  and  in  others  the  selling  price  where  there 
was  a  large  number  of  collieries.  In  the  case  of  a  colliery  working  coal  in 
different  parishes,  they  should  value  the  mine  as  a  succession  of  tunnels, 
and  make  certain  deductions.  In  the  case  of  a  colliery  working  all  the 
coal  from  an  adjoining  parish,  it  became  a  difficult  question  to  decide  as 
to  which  union  should  receive  the  money  :  the  parish  in  which  the  coal 
was  worked,  or  the  one  in  which  the  coal  was  drawTn.  The  principle  laid 
down  in  the  paper  would  determine  that  point,  but  he  wished  to  establish 
the  view  that  it  was  perfectly  impracticable  to  deal  satisfactorily  with 
individual  cases  or  with  different  districts,  and  an  uniform  basis  should 
be  laid  down,  which  could  not  vary  in  good  or  bad  years.  Also  he 
thought  that  in  a  majority  of  cases  the  royalty-rent  should  be  taken  as 
the  basis. 

Mr.  J.  Barrowman  (Hamilton)  said  that  the  difficulties  stated  by  the 
author  of  the  paper  and  those  who  had  contributed  to  the  discussion  did 
not  a]»]  tear  to  him  to  be  experienced  in  Scotland.  The  royalty  in  his 
opinion  was  a  fair  basis  of  valuation  from  year  to  year,  because  it  was 
the  result  of  an  arrangement  between  landlord  and  tenant,  carefully 
considered  by  each  in  his  own  interests,  and  made  in  view  of  the  whole 
circumstances  known  or  anticipated  at  the  beginning  of  the  lease.  No 
doubt  unforeseen  difficulties  were  sometimes  encountered  which  would 
materially  affect  the  bargain  made.  In  such  cases,  a  readjustment  was 
possible  under  the  powers  contained  in  most  Scotch  leases,  by  virtue  of 
which  there  was  a  break  in  the  tenant's  option  at  intervals  of  a  few 
years  -  usually  three.  If  the  coal-field  was  occupied  by  a  satisfactory 
tenant,  and  the  difficulties  were  of  sufficient  importance  to  warrant  a 
change*  in  the  rate  of  royalty  it  was  to  the  interest  of  both  parties 
to  agree  on  a  reduced  rate.  This  also  applied  to  such  cases  as  those 
indicated  by  Mr.  Deacon. 


310  DISCUSSION — THE  RATING  OF  COAL-MINES. 

Mr.  A.  Dury  Mitton  (Walkden)  considered  that  three  years  was 
the  usual  period  arranged  between  the  Assessment  Committee  and 
the  colliery-owners.  He  thought  that  the  present  system  was  very 
unsatisfactory,  as  the  colliery-owner  had  no  alternative  but  to  apply  to 
Quarter  Sessions,  if  he  considered  that  he  was  unfairly  assessed.  It 
would  be  better  if  the  seams  could  be  rated  at  certain  fixed  rateable 
values  in  all  the  districts  upon  a  royalty-rent  basis,  and  not  adjusted 
from  time  to  time  so  as  to  make  up  the  deficiency  of  the  funds  for  a 
district  at  the  expense  of  the  colliery-owner,  without  having  any  regard 
to  the  value  of  the  different  coal-seams. 

Mr.  Sep.  H.  Hedley  (Sunderland)  wrote  that  by  the  statute  of  the 
4 3rd  year  of  Elizabeth,  coal-mines  were  made  assessable  to  the  poors' 
rate,  and  it  had  been  decided  by  the  Higher  Courts  that  coal-mines 
being  mentioned  in  the  statute,  all  other  mines  were  by  implication 
excluded  from  assessment.  Subsequent  legislation  (the  Rating  Act  of 
1874)  had,  however,  made  all  other  mines  assessable  to  rates.  Coal, 
like  other  minerals  when  severed  from  the  mine,  seam  or  vein  from 
which  they  had  been  worked,  was  clearly  stock-in-trade,  and  therefore 
the  profits  and  losses  arising  from  the  sale  of  such  coal  when  severed 
could  not  be  considered,  as  it  was  immaterial  whether  the  coal-mine  be 
profitable  to  the  owner  or  to  the  occupier,  the  occupier  was  liable  to  be 
rated.  This  was  clearly  laid  down,  not  only  in  the  old  case  of  Rex  versus 
Parrott  (5  T.R.,  page  593),  where  a  mine  was  worked  at  a  loss  and  held 
to  be  rateable,  but  also  by  the  more  recent  case  of  Regina  versus  Aylesford 
Union  (26  L.T.,  page  618),  where  the  parish  officers  sought  to  ascertain 
the  profits  of  a  chalk-pit;  for  the  purpose  of  assessment,  but  the  Court  of 
Quarter  Sessions  refused  to  allow  the  question  to  be  put,  on  the  ground 
that  it  was  an  enquiry  into  the  profits  of  trade,  and  the  Court  of  Queen's 
Bench  decided  that  the  Justices  were  light  in  disallowing  the  question. 
Mr.  Justice  Blackburn  said  that  the  rateable  value  of  the  chalk-pit  was 
what  a  tenant  would  be  likely  to  give  who  took  the  pit ;  and  so  it  was 
with  a  coal-mine  ;  it  was  the  rent  which  a  tenant  would  be  likely  to  give 
that  must  determine  the  value,  and  not  the  profits  made  by  selling  the 
coal. 

Originally  no  doubt  the  rent  paid  for  coal-mines  was  fixed  in  the 
same  way  as  lead,  copper  and  tin-mines  are  still  fixed,  that  is  for  a  part 
oi-  Bhare  of  the  produce  of  the  mine,  but  the  development  of  the  coal-fields, 
and  the  experience  acquired  in  working  coal,  has  enabled  the  persons 
possessing  coal-mines,  and  the  persons  working  them,  to  ascertain  their 
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local  money-value,  either  bo  buy  or  sell  mortgage  or  let,  with  as  much 
certainty  as  lands  or  other  property. 

In  practice,  collieries  as  a  whole  are  rarely  if  ever  let,  the  usual 
practice  being  to  let  the  coal-mine,  seam  or  vein  on  least;  at  royalty-rents 
per  acre  or  per  ton,  the  lessee  agreeing  to  sink  the  shafts  or  drive  the 
adits,  and  erect  the  buildings  and  plant. 

hi  assessing  collieries,  the  almost  invariable  practice  was  to  take  the 
quantity  of  coal  worked  during  the  year  preceding  the  laying  of  the  rate 
at  so  much  per  ton  or  per  acre  :  to  this  was  added  the  rent  of  the  hind  on 
which  the  colliery  was  situated, plus  a  fair  interest  on  the  capital  value 
of  the  shafts,  surface  buildings  and  plant.  This  was  in  effect  carrying 
out  the  principle  that  every  hereditament  should  be  rated  on  its 
improved  value  irrespective  of  whether  such  improved  value  was  made 
by  the  landlord  or  tenant,  Rex  versus  Lord  Granville  (0  B.  &  C,  page 
188). 

It  must  also  be  borne  in  mind  that  the  great  point  to  be  aimed  at 
in  every  rate  was  equality.  This  he  considered  would  be  absolutely 
impossible  if  collieries  were  assessed  on  the  profit  basis.  It  was  a  well- 
known  fact  that  there  were  periods  of  great  depression  in  the  coal- 
trade,  as  there  were  also  periods  of  inflated  prices,  and  if  the  profit  basis 
were  adopted  in  years  of  depression  some  unions  would  lose  thousands  of 
pounds  of  assessable  property — practically,  collieries  would  go  out  of 
rating  altogether — wdiereas  in  years  of  inflated  prices  they  would  be 
called  upon  to  pay  the  greater  part  of  the  rates.  This  condition  of 
affairs  he  was  certain  would  give  satisfaction  neither  to  the  rating 
authorities  nor  to  the  colliery-proprietors. 

He  contended  that  the  true  rule  was  a  constant  contribution  which 
would  at  all  times  fall  equally  upon  collieries  and  every  other  species  of 
property. 

If  the  principle  advocated  in  Mr.  Humphreys-  Davies1  paper  were 
applied  to  collieries,  there  were  certain  to  be  very  gross  cases  of 
inequality,  besides  the  example  stated  above  :  take  for  instance,  where 
two  collieries  (A  and  B)  work  the  same  seams  of  coal,  similar  quantities 
and  under  the  same  circumstances  as  regards  markets  and  shipments. 
The  A  colliery,  worked  under  skilful  management,  everything  being  done 
with  efficiency,  economy  and  energy,  would  yield  a  large  profit  :  while  at 
the  B  colliery,  worked  by  indifferent  agents  and  with  little  or  no  energy, 
the  profits  are  nil.  If  these  collieries  had  been  assessed  on  the  profit 
basis,  the  A  colliery  would  have  been  assessed  at  a  large  sum,  while  the 
B  colliery  would  have  been  exempt.     It  must  be  borne  in  mind  that  the 
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managers  of  all  collieries  considered  that  they  were  working  them  to 
the  greatest  advantage,  although  the  general  opinion  might  be  to  the 

contrary. 

Take  another  case,  where  two  coal-companies  (0  and  D)  are  com- 
peting for  an  area  of  eoal  in  a  township.  The  C  company  is  worked  at 
;i  loss,  while  the  I)  company  is  worked  at  a  profit,  and  their  geographical 
position  as  regards  the  outlet  for  the  produce  of  the  mines  is  equal. 
The  C  company  takes  a  lease  of  the  coal  at,  say  £300  per  acre,  although 
the  D  company  was  in  a  better  position  to  give  that  price  ;  and  here 
again  the  C  company  would  be  exempt  from  rating  in  the  township  in 
which  the  coal  was  situate,  if  taken  on  the  profit  basis,  and  the  town- 
ship would  be  seriously  damnified  because  it  not  only  did  not  receive 
any  contribution  to  its  rates  but  the  corpus  was  being  exhausted, 
whereas  if  the  D  company  had  leased  and  worked  the  coal,  the  parish 
authorities  would  have  received  the  rates  due  on  this  hereditament. 

In  the  case  of  land,  the  rateable  value  was  the  amount  of  the  average 
annual  value  of  the  land.  It  could  not  be  said,  where  a  farm  was  let, 
that  the  year's  profit  of  each  particular  crop  was  to  be  taken  into 
consideration  in  fixing  the  rate,  and  the  value  could  not  be  ascertained 
by  enquiring  whether  the  property  was  more  or  less  beneficial  in  a 
particular  year.  Suppose  a  farmer  were  able  to  prove  that  he  was 
holding  his  farm  at  an  assignable  amount  of  loss,  that  would  not 
constitute  an  exemption  from  the  poor  rate,  Regina  versus  Vange 
(3  Q.  B.,  page  242  ;  2  G.  &  D.,  page  476  ;  6  Jur.,  page  893). 

In  Rex  versus  Parrott  (5  T.  R.,  pages  593  to  596),  where  it  was 
admitted  that  the  lessee  lost  2h  farthings  on  every  ton  of  coal  got, 
Justice  Buller  added  to  Lord  Kenyons  judgment  the  following  :— 

If  the  property  be  rateable  and  the  party  rated  be  in  the  occupation  of  it,  we 
cannot  examine  any  further  and  enquire  whether  or  not  the  tenant  has  made  an 
unprofitable  bargain. 

It  had  been  decided  that  "  beneficial "  and  "  profitable "  in  the 
ordinary  sense  of  the  words,  were  not  convertible  terms,  and  a  party 
holding  property  in  its  nature  rateable  was  not  discharged  from  his  legal 
liability  to  be  rated  because  he  did  so  at  a  loss. 

In  Fawcett  versus  Justices  of  Bombay  (5  E.  and  F.  Moo.,  page 
143;  3  Moo.  Indian  Appeals,  page  148),  the  Privy  Council  affirmed 
that  an  assessment  of  a  manufactory  upon  profits  was  an  assessment 
upon  a  wrong  principle,  and  Vice-Chancellor  Knight  Bruce  in  delivering 
the  judgment  of  that  court  said  : — 
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If  of  two  manufacturers  in  the  same  street  carrying  on  precisely  the  same  kind 
of  business  by  means  of  fixed  machinery,  one  makes  an  annual  profit  of  £2,000  and 
the  other  a  profil  of  only  CI, 000,  that  circumstance,  if  the  respective  buildings  and 
machinery  do  not  materially  differ  in  size,  description,  or  quality  cannot  render 
the'  one  liable  to  be  assessed  at  a  higher  rate  than  the  other.  The  greater  or  less 
t  of  success  with  which  a  trade  or  manufacture  is  conducted  in  a  warehouse, 
manufactory,  or  other  building  having  or  not  fixed  machinery  depends  upon  many 
various  contingencies  and  cannot  form  a  just  ingredient  in  any  calculation  of  its 
true  annual  value. 

Tii  the  case  of  Regina  versus  Everist  (10  Q.  B.,  page  178),  which 
was  in  respect  of  a  brickyard,  Lord  Denman  in  his  judgment  said  : — 

But  the  next  objection  is  a  more  important  one,  that  it  is  altogether  wrong  in 
principle  to  consider  the  royalty  as  rent,  and  this  appears  to  be  founded  mainly  on 
this,  that  it  is  a  sum  paid  not  in  respect  of  the  renewing  produce  of  the  land,  but 
of  a  portion  of  t  he  land  itself,  and  that  not  consumed  by  slow  degrees  and  to  be 
exhausted  at  the  end  of  a  long  period,  as  is  the  case  with  a  coal-mine,  under 
which  circumstances  it  was  admitted  that  it  might  be  treated  as  produce,  but  in 
such  large  proportions  that  the  whole  in  a  few  years  would  be  exhausted. 

It  does  not  appear  to  us  that  a  more  or  less  rapid  consumption  can  make  any 
difference  in  the  principle.  The  rate  is  always  imposed  with  reference  to  the 
existing  value,  whether  temporary  or  enduring  is  immaterial.  A  case  was  sup- 
posed of  a  brickfield  worked  out  in  less  than  a  year  to  meet  the  demand  of  some 
enormous  contract  for  a  public  work  ;  the  consequences  would  be  that  the  land 
would  have  a  very  much  increased  value  for  the  year,  and  it  would  be  only 
reasonal.de  that  it  should  bear  an  increased  rate  for  that  year  ;  in  the  following 
year  its  value  might  sink  almost  to  nothing,  and  the  rate  ought  to  fall  propor- 
tionately, even  to  nothing,  if  the  brickearth  being  exhausted,  the  land,  like  an 
exhausted  coal-mine,  should  become  entirely  unproductive.  If  this  were  not  so, 
an  obvious  injustice  would  be  done  to  the  ratepayers.  Suppose  two  brickfields  of 
the  same  size,  which,  if  worked  so  as  to  be  consumed  in  ten  years  and  by  equal 
working  in  each  year  would  produce  £1,000  each,  on  which  the  rate  should  be  £10  : 
in  ten  years  each  will  contribute  £100  to  the  parochial  authorities  ;  let  one  be 
exhausted  in  the  first  year,  the  produce  will  have  been  £10,000,  but  the  rate  only 
£  1 0  for  that  year  according  to  the  appellant's  argument,  and  it  may  be  nothing 
afterwards  ;  buc  whatever  it  be  afterwards,  it  is  clear  that  there  will  have  been 
a  valuable  occupation  in  one  year,  escaping  as  to  nine-tenths  the  rate  entirely. 
But  no  injustice  would  be  done,  if  in  every  year  the  occupier  could  be  assessed 
according  to  the  actual  value  in  that  year,  and  it  is  the  duty  of  the  overseers  to 

arrive  as  nearly  at  this  as  they   can We  come  then  to  the  bare 

objection  that  the  royalt  y  is  paid  not  for  the  renewing  produce  of  the  land,  but 
for  the  severed  portions  of  the  land  itself,  mixed  up  with  foreign  matter.  The 
expense,  however,  must  of  cours  e  have  been  cast  off  before  the  royalty  itself  was 
fixed  ;  that  was  a  sum  which,  after  all  such  expenses  paid,  the  occupier  could 
afford  to  render  to  the  landlord.  When  the  case  is  thus  laid  bare  there  is  no 
distinction  between  it  and  that  of  the  lessee  of  coal-mines,  of  clay-pits,  of  slate- 
quarries  ;  in  all  these  the  oc  cupation  is  only  valuable  by  removal  of  portions  of  the 
soil,  and  whether  the  occupation  is  paid  for  in  money  or  in  kind  is  fixed  before- 
hand by  contract;  or  measured  afterwards  by  actual  produce— it  is  equally  in 
substance  a  rent;  it  is  the  compensation  which  the  occupier  pays  the  landlord 
for  that  species  of  occupation  which  the  contract  between  them  allows 
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We  are  brought,  then,  to  the  conclusion  that  the  parish  officers  have  done  right 
in  considering  the  royalty  as  a  portion  of  the  rent,  and  we  see  no  objection  to 
the  mode  by  which  they  arrive  prima  facie  at  the  conclusion  that  the  amount 
of  royalty  reckoned  in  the  rate  will  be  paid  in  the  year  for  which  the  rate  is  made. 

In   the   case   of   Rex   versus  Attwood   (6   B.   and   C,   page  277), 
Abbot,  Chief  Justice,  in  giving  judgment  said  : — 

We  are  all  of  the  opinion  that  the  owner  and  occupier  of  a  coal-mine  should  be 
rated  at  such  a  sum  as  it  would  let  for,  and  no  more.  As  to  the  other  points,  the 
first  was  that  the  rate  should  not  be  imposed  upon  the  coal  produced,  because  that 
was  part  of  the  realty.  It  is  the  first  time  such  a  proposition  has  ever  been  sub- 
mitted, although  many  coal-mines  in  various  parts  of  the  country  have  constantly 
been  rated,  and  the  argument  in  support  of  it  is  wholly  untenable.  The  legislature 
has  expressly  made  coal-mines  rateable,  and  they  must  be  for  what  they  produce, 
viz.  :—  the  coal ;  slate-quarries  and  brickearth  are  also  exhausted  in  a  few  years, 
but,  nevertheless,  the  rate  is  always  imposed  upon  that  which  is  produced. 

In  Regina  versus  Aylesford  Union  (26  L.  T.,  page  618)  Justice 
Blackburn  said  : — 

On  the  case  stated  I  think  we  can  have  no  doubt  that  the  justices  were  right  in 
disallowing  the  question.  The  rateable  value  of  the  chalk-pit  is  the  value  which 
a  tenant  would  be  expected  to  give  for  it.  That  value  involves  two  elements, 
first,  what  would  a  tenant  make  by  it,  and  what  would  a  tenant  get  equally  good 
chalk  for  in  the  neighbourhood  ?  No  tenant  gives  all  he  could  afford  to  give,  and 
the  true  test  is  not  what  he  could  afford  to  give,  but  what  a  tenant  would  be  likely 
to  give  who  took  the  pit  from  year  to  year.  It  is  not  the  profits  a  man  makes 
that  makes  the  difference,  for  whether  he  gains  or  loses  in  his  trade  the  rateable 
value  is  the  same. 

Justice  Mellor  said  : — 

I  am  of  the  same  opinion.  The  criterion  of  rent  is  no  doubt  dependent  to 
some  extent  on  the  amount  of  profit,  but  the  proper  test  is  not  whether  a  tenant 
could  afford  to  give  more  rent  if  he  got  more  profit.  The  actual  profits  are  not 
material.  All  that  we  are  required  to  say  here  is  whether  the  Quarter  Sessions 
were  right  in  the  test  they  applied,  and  I  think  they  were  right. 

In  Dodds  versus  South  Shields  Union  Assessment  Committee  (59 
J.  P.,  pages  87  and  452  ;  72  L.  T.  Q.  B.  1).,  page  55  ;  L.  R.,  page 
1895,  2  Q.  B.,  page  133),  Lord  Esher  in  delivering  judgment  said  :  — 

The  rent  which  the  ordinary  tenant  would  be  willing  to  pay  is  the  rent  which 
could  be  got  for  the  premises  in  the  house  market.  That  is  the  general  rule  ;  and 
I  agree  with  Mr.  Justice  Wills  that  in  ascertaining  the  rateable  value  of  the 
premises  under  the  Parochial  Assessment  Act,  1836,  the  question  of  the  profits 
made  by  the  tenant,  or  of  his  gross  receipts,  asked  for  the  purpose  of  arriving  at 
the  profits,  though  not  immaterial  if  the  point  to  be  determined  were  what  the 
tenant  could  afford  to  pay  for  the  premises,  is  (that  not  being  the  question  to  be 
determined)  wholly  immaterial  and  what  is  more  mischievous  oppressive  and 
unfair,  and  should  be  rejected  in  all  cases  where  the  ordinary  evidence  of  value 
can  be  obtained. 
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And  Lord  .Justice  Smith  said — 

It  is  nihil  ad  rem  whether  the  particular  tenant  has  made  or  lost  so  much  a 
the  premises.  Suppose  that,  instead  of  making  a  profit,  he  has  lost 
money  1>\  the  premises,  are  they  on  that  account  to  be  rated  at  nothing? 
According  to  the  hypothesis,  the  fact  that  the  tenant  has  lost  money  by  the 
premia  is  is  evidence  that  the  premises  ought  to  be  rated  at  nothing.  The  profits 
in  ide  by  the  tenant  have  nothing  to  do  with  the  question  of  the  rateable  value  of 
the   premises. 

It  ;t])] tears  therefore  that  a  valuation  on  receipts  and  expenditure 
was  only  correct  in  the  case  of  public  companies  and  properties 
incapable  of  comparison  with  other  similar  properties  which  are  let. 

On  the  question  of  profits,  the  following  cases  may  be  referred  to. 
In  Rex  versus  Hull  Dock  Company  (5  M.  and  S.,  page  394)  where 
at  the  time  the  rate  was  made  the  company  made  no  profit  in  con- 
sequence of  certain  rebuilding  operations,  Lord  Ellenborough  said — 

There  is  no  question  as  to  the  rateability  of  this  property  ;  it  has  very  properly 
been  admitted  that  it  is  rateable.  The  question  therefore  is,  whether  a  rate  can  be 
imposed  in  respect  of  property  which  is  generally  rateable,  but  the  profits  of  which, 
owing  to  certain  incidental  and  necessary  expenses,  have  been  for  a  time 
exhausted.     As  to  which  it  is  to  be  observed,  that  a  rate  is  not  always  imposed  on 

property  in  the  particular  year  in  which  it  makes  a  productive  return 

To  hold  that  in  every  case  where  property  is  rateable,  an  account  is  to  be  taken 
for  the  particular  period  for  which  the  rate  is  imposed,  of  the  precise  amount  of 
its  productiveness,  and  that  if  there  is  the  smallest  decrease,  the  rate  is  to  be 
reduced  pro  tanfo,  would  in  my  judgment  be  infinitely  inconvenient.  ...  It 
appears  to  me  that  this  rate  is  well  imposed,  and  that  the  average  profits  of  the 
company  are  not  liable  to  be  merged  in  the  partial  expenditure  of  any  particular 
period. 

In  what  is  known  as  the  Denaby  case,  the  learned  arbitrator  found 
that  the  Denaby  and  Cadeby  collieries  were  exceptional  collieries,  and 
his  finding  was  as  follows  :  — 

There  being  no  collieries  let  from  year  to  year,  there  are  no  means  of  comparing 
the  appellants'  collieries  with  others  for  the  purpose  of  ascertaining  what  a 
tenant  would  give  from  year  to  year. 

Mr.  Justice  Day,  in  delivering  judgment,  said  that : — 

This  is  an  exceptional  case.  There  is  nothing  he  says,  and  so  far  as  I  can 
imagine,  he  would  say  with  which  he  could  compare  it.  He  knows  that  no 
collieries  are  let  by  the  year,  and  I  suppose  no  one  has  ever  yet  heard  of  a  colliery 
being  let  by  the  year.  It  is  clearly  an  exceptional  case  to  be  dealt  with  exception- 
ally, and  to  be  dealt  with  in  the  mode  which  he  suggests  himself,  and  in  the  way 
which  he  considers  a  practical  way.  These  rating  questions  are  to  be  determined 
as  nearly  as  possible  correctly,  and,  therefore,  of  course,  in  the  most  practical  way 
that  is  available.     It  seems  to  me  that  this  is  a  proper  way  of  dealing  with  it. 
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And  Mr.  Justice  Phillimore  said  : — 

I  am  of  the  same  opinion.  I  think  it  must  be  taken  from  the  findings  of  the 
arbitrator  that  this  colliery  is  such  an  exceptional  colliery,  that  the  assessment  can 
only  be  arrived  at  by  the  method  applied  to  what  are  called  exceptional  cases  ; 
and,  therefore,  the  evidence  put  forward  by  the  appellants  is  necessarily 
admissible. 

Referring  again  to  the  arbitrator's  finding  in  the  Denaby  case,  that 
no  collieries  were  let  from  year  to  year,  this  would  apply  to  nearly 
every  description  of  large  properties,  namely :  blast-furnaces,  steel-works, 
chemical-works,  engineering-works,  etc.  No  tenant  would  take  any  of 
the  above-named  properties  on  a  year-to-year  tenancy,  therefore,  if  the 
principle  suggested  has  to  be  carried  out  in  its  entirety,  which  it  would 
be  necessary  to  do  to  arrive  at  a  rate  on  an  equal  basis  throughout,  one 
must  enquire  into  the  profits  of  all  these  undertakings.  This  was  never 
the  intention  of  the  legislature,  and  from  the  cases  quoted  it  would  be 
seen  that  the  judges  had  always  strongly  opposed  enquiry  into  the 
profits  of  a  man's  business. 

In  conclusion,  he  would  draw  the  attention  of  the  members  to  what 
has  been  termed  the  "royalty-rent  system  of  rating  ;"  this  had  been 
described  by  some  as  a  rough-and-ready  method  of  assessing  collieries, 
but  from  the  very  few  cases  that  have  been  contested  during  the  last  50 
years  he  thought  that  he  was  justified  in  saying  that  it  had  worked  in  a 
most  satisfactory  manner.  It  was  impossible,  however,  to  lay  down  any 
rule  that  would  give  absolute  satisfaction  to  all  parties.  You  must 
have  a  law  that  would  suit  the  majority,  and  this  you  had  in  the  royalty- 
rent  basis.  In  proof  of  his  contention  he  would  refer  the  members 
to  the  Rating  Act  of  1874,  which  brought  into  rating  all  mines  exempt 
under  the  Act  of  43rd  Elizabeth,  and  included  the  ironstone-mines 
of  Cleveland,  where  the  mineral  lies  in  the  same  stratified  form  as  in 
coal-mines  and  is  worked  in  a  similar  manner.  The  section  reads  as 
follows  : — 

In  the  case  of  any  other  such  mine  which  is  not  excepted  from  the  provisions 
of  this  Act,  and  to  which  the  foregoing  provisions  of  this  section  do  not  apply  : 
[viz.,  copper,  lead  and  tin],  the  gross  and  rateable  annual  value  of  the  mine  shall 
be  taken  to  be  the  annual  amount  of  the  dues  or  dues  and  rent  at  which  the  mine 
might  be  reasonably  expected  to  let,  without  fine,  on  a  lease  of  the  ordinary 
duration,  according  to  the  usage  of  the  country,  if  the  tenant  undertook  to  pay  all 
tenant's  rates  and  taxes  and  tithe  rent-charge,  and  also  the  repairs,  insurance  and 
other  expenses  necessary  to  maintain  the  mine  in  a  state  to  command  such  annual 
amount  of  dues  or  dues  and  rent. 

The  most  important  part  of  the  section  quoted  was  that  which  stated 
that  the  rent  had  to  be  taken  on  the  basis  of  a  lease  of  ordinary  duration 
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according  fco  t lie  usage  of  the  country  :  the  legislature,  no  doubt,  having 
in  view  that  it  would  be  an  absolute  absurdity  to  take  it  on  a  year-to- 
\i  .  when  no  such  condition  of  things  existed,  and  colliery-owners 

had  accepted  this  eommon-sense  \  iew  of  the  royalty-rent  basis. 

Mr.  G.   Hi'MIMiueys-Daviks,  replying  to  the  discussion,  said  that 
the  question  of  rating  was  an  extremely  intricate  one,  and  lawyers  would 
tell  them  that  it  was  most  technical,  and  that  when  applied  to  coal- 
mines it  was  still  more  difficult.     The  observations  made  in  the  paper  as 
to  the  principle  of  assessing  the  coal  itself  had  been  rather  overlooked. 
No  doubt  by  custom  extending  over  a  long  number  of  years  it  had  come 
to  be  taken  that  it  was  the  ton  of  coal  taken  out  of  the  mine  that  was 
rated,  but  it  had  been  proved  almost  conclusively  that  that  was  not  so. 
The  coal  itself  lying  in  the  seam  or  not  broken  off  by  the  miner  was  not 
rateable,  but  the  royalty  system  seemed  to  him  to  imply  that  the  coal 
was  rateable.     The  question,  however,  had  not  yet  been  settled,  but  he 
was  engaged  in  a  case  which  would  probably  go  to  the  House  of  Lords, 
which  would  settle  that  very  point  beyond   all   doubt.     The  Act   of 
Elizabeth  said  that  the  "  coal-mine  "  and  not  the  "  coal "  was  rateable, 
and  therefore  the  rate  should  be  made  upon  the  rent,  which  the  hypo- 
thetical tenant  would  willingly  pay  for  the  right  to  use  the  road  along 
which  his  coal  was  conveyed.     But  the  difficulty  lies  in  solving  how 
much  he  should  pay.      A  valuation,  based  upon  the  actual  result  at 
each  mine,  was,  after  all,  the  best  method  for  arriving  at  an  answer. 
It  was  an  hypothetical  solution,  but  it  had  been  applied  satisfactorily 
in  the  cases  of  railways,  waterworks,  gas-works,  docks,  etc.,  and  he  (Mr. 
Humphreys  Davies)  did  not  see  why  it  should  not  be  applied  to  mines. 
By  the  Denaby  case  it  was  decided  that  the  best  method  of  arriving  at 
the   hypothetical   rent   which   the   tenant  could  pay  was  to  find  this 
out  from  the  actual  results  of  the  working.     If  a  better  method  could 
be  discovered  or  if  by  looking  at  the  state  of  the  roads  and  estimating 
so  much  per  foot  or  per  mile,  or  by  intuition  the  rent  could  be  arrived 
at,  well  and  good.     But  there  was  this  point  to  be  considered  :  it  was 
not  the  value  of  one  mine  that  had  to  be  assessed  ;  and  they  had  in  a 
parish  sometimes  1,  sometimes  20  mines  ;  but  there  were  also  the  farms, 
factories,  shops,  etc.,  and  the  law  says  that  the  rate  must  be  apportioned 
equally  amongst  them  all.     It  would  be  unfair  to  colliery-proprietors  to 

ss  them  too  high,  and  unfair  to  the  others  to  assess  them  too  low. 
There  must  be  equality  at  the  time  when  the  rate  was  made,  and  not  an 
average  of  equality  for  10  or  20  years.     He  did  not  see  how  thev  were 
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going  to  make  allowances  for  the  difference  in  the  selling  price  of 
the  coal,  working  expenses,  etc.,  unless  they  did  something  more 
than  fix  an  arbitrary  sum.  There  must  he  equality  between  all  rate- 
payers at  the  time  when  the  rate  was  made  ;  there  must  not  be  an  average 
rate  over  a  term  of  years,  or  there  would  be  unfairness.  As  to  the 
difficulties  of  assessment  committees,  he  would  remind  the  members  that 
railways,  waterworks,  gas-works,  electric  and  other  undertakings  were 
larger  in  extent  and  in  value  than  mines— large  and  valuable  as  they 
were— and  they  had  to  be  rated,  and  the  number  of  appeals  resulting 
from  .  the  rating  of  these  properties  was  very  small.  From  his  own 
experience  (and  it  was  not  small)  he  could  say  that  the  rule  was  that 
999  out  of  every  1,000  cases  accepted  the  assessment,  and  in  the  case  of 
railways  the  rating  was  settled  without  much  difficulty.  It  was  only  at 
the  last  extremity  that  one  was  forced  to  go  into  the  question  of 
accounts,  as  in  the  case  of  the  Denaby  Coal  Company,  and  the  assess- 
ment of  coal-mines  could  be  settled  with  little  difficulty,  so  long  as  the 
parties  agreed  as  to  the  system  upon  which  the  assessment  should  be 
made. 

The  President  (Mr.  H.  C.  Peake)  proposed  a  vote  of  thanks  to 
Mr.  Humphreys-Davies  for  his  valuable  and  instructive  paper,  and  he 
thought  that  the  discussion  which  had  taken  place  upon  it  had  also 
been  very  instructive. 

The  vote  of  thanks  was  carried  by  acclamation. 


Mr.  John  Gerhard  read  the  following  paper  on  "Instantaneous 
Outbursts  of  Fire-damp  and  Coal,  J>road  Oak  Colliery  ::' — 
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INSTANTANEOUS  OUTBURSTS  OF  FIRE-DAMP  AND  COAL, 

BROAD  OAK  COLLIERY. 

By  JOHN  GERRARD,  H.M.  Inspector  of  Minks. 


From  May,  1885,  to  March,  1803,  a  number  of  outbursts  of  fire- 
damp and  soft  coal  occurred  at  Broad  ( )ak  colliery,  Ashton-under-Lyne, 
Lancashire,  some  of  which  caused  loss  of  life,  while  some  of  the  others 
narrowly  escaped  fatal  results.  For  8  years  all  persons  connected  with 
the  colliery  were  anxiously  concerned  as  to  how  these  occurred,  and 
what  precautionary  measures  should  be  adopted  for  their  prevention  or 
to  avoid  danger  to  life. 

Having  personally  investigated  several  of  the  outbursts  and  shared 
the  anxiety  of  those  connected  with  the  colliery,  the  writer,  in  compliance 
with  request  and  with  the  full  concurrence  of  the  owners,  proposes  to 
place  on  record  some  of  the  facts  associated  with  the  outbursts,  and  to 
describe  the  measures  adopted  for  their  prevention  and  the  present 
mode  of  working:. 


i&' 


The  Nook  pits  of  the  Broad  Oak  colliery  won  the  Roy  ley  coal-seam 
about  1870,  at  a  depth  of  888  feet.  This  seam  is  the  lowest  in  the 
Middle  Coal-measures  of  the  Ashton  and  Oldham  districts.  The  seam 
dips  to  the  west.  From  the  outcrop  to  about  1,500  feet  to  the  dip  of 
the  shaft,  it  is  27  degrees,  or  1  in  2  ;  below  that  point  it  gradually 
decreases,  being  now,  at  3,090  feet  below  the  shaft,  10  degrees,  or  1  in  3. 
The  Koyley  seam  consists  of  2  feet  of  good  coal,  with  1^  feet  of  soft, 
impure,  inferior  coal  above.  This  latter  portion  was  holed  some  2  feet  in 
advance  of  the  lower  portion,  hence  the  local  appellation  "  minings." 

The  coal  to  the  rise  of  the  shaft  was  worked  out  and  an  engine-brow 
was  then  driven  in  a  slanting  direction,  some  degrees  to  the  north  of 
the  full  dip.  Pillars  of  coal  were  left  between  the  brows,  18  feet  wide 
and  24  to  48  feet  long.  Four  ranks  from  four  levels  had  been  opened, 
and  pillars  of  coal  were  left  on  each  side  of  the  brow,  from  180  to  240 
feet  in  width. 

Jn  working  the  rise-coal  and  three  of  the  level  ranks  to  the  dip  there 
were  no  outbursts,  although  fire-damp  was  given  off  freely.     There  were 
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frequent  gob-fires  caused  by  the  inferior  coal  stowed  in  the  waste,  the 
soft  inferior  coal  containing  iron-pyrites  in  nodules  and  otherwise 
disseminated  throughout  the  bed. 

The  outbursts  began  when  about  1,500  feet  of  depth  had  been 
attained.  The  first  recorded  outburst  occurred  in  May,  1885,  in  No.  4 
north  level,  at  480  feet  from  the  engine-brow.  Fire-damp  was  given  off, 
and  the  bed  of  soft  coal  disturbed  for  16  feet  in  advance  of  the  face, 
and  a  large  quantity  of  the  coal  was  expelled  into  the  working-place. 

In  October,  1885,  in  the  same  level,  840  feet  from  the  engine-brow, 
a  much  more  serious  outburst  occurred,  causing  the  abandonment  of  the 
working-place  for  a  time,  and  thoughts  were  entertained  of  abandoning 
the  mine.  Two  years  afterwards,  driving  out  was  resumed,  and  almost 
immediately  outbursts  followed,  chiefly  on  the  south  side. 

In  No.  4  south  level,  at  432  feet  from  the  engine-brow,  a  series  of 
outbursts  occurred  in  1888,  namely  : — May  1st,  May  10th,  June  11th, 
June  15th,  June  25th,  in  both  day  and  night  shift,  and  June  27th. 
Some  of  these  outbursts  were  small,  and  others  large  in  extent. 

In  the  north  level,  at  1,200  feet  from  the  engine-brow,  on  August 
12th,  1888,  a  small  outburst  occurred  in  a  narrow  place,  and  on  August 
28th  another  one.  All  these  occurred  when  men  were  working  in  the 
places,  sometimes  the  men  were  caught  and  partially  buried,  and  at 
other  times  they  escaped  with  difficulty. 

In  1890,  another  rank  was  won  by  further  driving  the  engine- 
brow  to  the  dip.  While  so  driving  one  of  the  brows,  5  feet  in  width, 
on  May  2nd,  1890,  the  soft  coal  shot  up  into  the  brow  when  two  men 
were  at  work :  one  man  was  smothered,  and  the  other  man  was  so 
stuck  fast  as  to  require  liberating  by  the  fireman,  who  visited  the  place 
while  going  his  round. 

On  July  22nd,  1890,  another  fatality  was  caused  by  an  outburst 
from  the  face  of  a  narrow  place  being  driven  to  the  rise  of  No.  5  north 
level,  at  about  177  feet  from  the  engine-brow.  The  miner  was  driven 
against  a  prop  and  found  smothered  under  the  small  coal.  It  was 
stated  that  a  hole  was  being  bored  by  the  deceased  when  the  outburst 
occurred  ;  that  the  hole  was  in  the  soft,  upper  coal,  about  the  middle 
of  the  face,  and  that  the  hole  was  5  feet  in  advance  of  the  face  and 
2  inches  in  diameter.  This  was  the  first  case  in  which  any  attempt  at 
boring  was  associated  with  an  outburst. 
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Following  these  outbursts,  up  to  July,  L891,  ben  outbursts  are 
recorded,  all  od  the  No.  5  south  level  : — 

On  November  20th,  1890. 

On  November  28th,  at  about  120  feet  from  the  engine-brow,  the 
level  being  80  feet  wide,  the  discharge  occurred  in  the  high  side  corner, 
;i  hole  made  by  a  2  inches  drill  was  said  to  have  been  bored  9|  feet  in 
advance  of  the  face  and  about  ">  feet  from  the  side  of  the  outburst; 
all  lights  were  extinguished,  and  the  men  narrowly  escaped. 

On  .January  19th,  1891,  from  the  higher  side  corner  of  the  face  of 
the  level,  30  feet  wide,  gas  blew  off  like  steam,  at  5  p.m.  it  filled  the 
place  and  the  higher  side  for  90  feet  back  to  the  opening',  and  all  was 
reported  clear  at  9  p.m. 

On  February  3rd,  1891,  in  an  outburst  in  the  high  side  corner  of 
level  face,  30  feet  wide,  2  out  of  the  3  men  were  buried  by  the  coal  but 
got  out.  It  occurred  at  6*ir>  p.m.  ;  a  large  quantity  of  gas  was  given 
off,  and  the  place  was  clear  at  7*30  p.m. 

On  March  9th,  1891,  an  outburst  occurred  in  the  corner  of  a  place 
30  feet  wide,  to  the  rise  of  the  level.  A  man  had  bored  a  hole  in  the 
lower  part  of  the  seam,  5  feet  in,  and  the  hole  penetrated  the  upper  part 
of  the  seam  ;  when  the  man  was  about  to  measure  the  hole  an  outburst 
occurred,  he  was  knocked  down  and  covered  with  the  small  coal,  but  got 
free  and  escaped. 

On  March  31st,  1891,  a  small  outburst  occurred  in  the  high  side 
corner  of  face  of  the  counter  level,  80  feet  wide,  and  a  bore-hole  in 
the  lower  coal  5|  feet  in  advance  was  left  intact 

On  April  23rd,  1891,  a  small  outburst  occurred  in  the  high  side  of 
the  level  face,  30  feet  wide  ;  a  hole  made  in  the  lower  coal,  11  feet  in 
advance,  was  stated  to  have  been  bored  in  the  middle  of  the  outburst. 

On  July  10th,  1891,  a  small  outburst  occurred  in  the  lower  side 
corner  of  the  level  face,  30  feet  wide  ;  a  hole  is  said  to  have  been  bored 

11  feet  in  advance  in  the  extreme  high  side  corner. 

On  July  16th,  1891,  a  small  outburst  occurred  in  the  rise  side  of  the 
counter  level,  30  feet  wide ;  a  hole  is  said  to  have  been  bored  in  the  face, 
9  feet  10  inches  in  advance. 

On  July  28th,  1891,  a  small  outburst  occurred  in  the  face  of  the 
level,  30  feet  wide,  in  the  high  side.  It  was  stated  that  a  hole  was 
bored  G  feet  in  advance,  at  6  feet  from  the  high  side,  and  another  hole 

12  feet  in  advance,  at  9  feet  farther  off  from  the  high  side.  No 
warning  was  given,  and  the  coal  burst  out  with  a  sound  like  a  number 
of  rifle-shots. 
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In  1892,  the  engine-brow  was  extended  to  win  another  rank,  while 
driving  a  narrow  place  6  feet  wide  from  the  main  engine-brow  towards 
the  back  brow,  on  July  21st  the  miner  (Alexander  Cross)  noticed  that 
the  upper  soft  coal  began  to  "boil  out"  ;  he  moved  away,  immediately 
a  large  quantity  of  fire-damp  issued  and  small  coal  was  blown  out  into 
the  place,  but  Cross  being  fastened  by  the  leg  was  not  able  to  get 
away.  Subsequently  a  hole  was  bored  in  the  face,  a  pressure-gauge  fixed, 
and  the  highest  pressure  recorded  was  14J  lbs.  per  square  inch. 

On  October  1st,  1892,  another  fatal  outburst  occurred  in  a  place  5| 
feet  wide,  being  driven  to  the  rise  of  an  opening  from  the  main  engine- 
brow,  at  a  point  387  feet  below  the  No.  5  levels  (Fig.  2,  Plate  VIII.). 
The  collier  (Alexander  Cross)  who  so  narrowly  escaped  in  the  last  out- 
burst, was  in  this  case  smothered  by  the  fire-damp  and  small  coal.  At 
the  inquest,  the  son  of  deceased  stated  that  they  commenced  work  about 
11  p.m.  on  September  30th,  about  2*30  a.m.  following,  the  fireman  on 
his  visit  was  told  by  the  deceased  that  the  "minings"  were  very 
"wick,"  and  they  kept  cracking.  The  fireman  told  them  to  be  very 
careful.  After  getting  up  and  filling  the  bottom  coal,  deceased  wanted 
to  begin  another  holing  in  the  "minings  "  or  upper,  soft  coal  ;  he  struck 
a  blow  or  two  with  the  pick,  and  then  ran  back  and  listened  ;  the 
"minings"  were  very  "wick."  He  returned  to  the  face,  struck  a  few 
more  blows,  then  ran  back  12  feet.  When  quiet  he  went  again  and  was 
striking  with  the  pick,  there  was  a  low  noise,  deceased  ran  shouting 
"  come  on,"  then  there  was  a  loud  report  like  thunder,  deceased  fell  and 
was  covered  by  the  expelled  small  coal.  He  wTas  found  12  feet  from  the 
face,  lying  full  length  with  his  cap  held  over  his  mouth.  In  this  case, 
the  fine  coal  was  projected  25  feet  from  the  face,  the  area  disturbed  being 
16  feet  wide,  and  about  20  feet  beyond  the  face.  About  22  tons  of  loose, 
small,  very  dusty  coal  were  filled  from  the  place.  These  facts  point  to 
there  being  ample  warning  of  impending  danger.  There  was  no  bore- 
hole in  the  face. 

On  January  31st,  1893,  another  fatal  outburst  occurred,  about  10*40 
a.m.,  in  the  face  of  Xo.  6  south  level,  123  feet  from  the  engine-brow 
(Figs.  3  and  4,  Plate  VIII.).  The  level  was  driven  3G  feet  wide,  and  5 
men  were  at  work,  3  holing  in  the  upper  part  of  the  seam,  the  "minings  " 
of  the  soft  coal ;  and  2  men  were  engaged  in  getting  the  bottom 
coal.  There  was  a  sudden  cracking  noise,  immediately  3  of  the  5  men 
were  overwhelmed  with  the  expelled  small  coal  and  fire-damp.  Brattice 
was  erected  in  order  to  remove  the  gas,  the  small  coal  was  filled  into 
tubs,  and  it  took  almost  2  hours  to  recover  the  first  body.     About  20 
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tons  were  tilled  into  72  tubs,  of  the  fine,  crushed,  loosened  eo;d.  One  of 
the  Burvivors  stated  that  hearing  the  cracking,  he  shouted  to  his  mates 
ime  on,"  and  ran  for  his  life.  After  going  10  or  15  feet,  looking 
round  he  saw  his  lamp,  which  he  had  Left  hung  on  a  prop,  was 
extinguished,  then  he  felt  gas  which  smelt  very  strong.  From  starting 
work  at  6'80  a.m.,  everything  had  been  perfectly  quiet,  there  was  no 
cracking,  the  "minings"  were  not  "wick,"  and  the  workmen  had  not 
received  the  slightest  warning  of  impending  danger.  The  only  remark 
made  was  by  one  of  the  deceased,  who  said  that  the  '•'minings"  looked 
"blacker  and  shinier."  One  lift  of  2  feet  had  been  taken  right  across 
the  face,  and  they  had  just  started  to  hole  for  another  2  feet  lift.  The 
under-manager  passed  through  the  place,  25  minutes  before  the 
outburst,  and  made  a  thorough  examination,  there  was  not  a  single 
"fizzer"  of  gas,  not  a  rap  or  a  crack,  and  the  "minings"  were  not 
working.  There  were  no  bore-holes  in  this  place,  and  none  had  been 
bored  for  some  time.  There  would  be  over  1,800  feet  of  cover  on  the 
seam  at  this  point. 

It  was  observed,  in  connexion  with  this  outburst,  that  the 
"minings"  or  upper  portion  of  the  seam  had  contained  much  hard 
fireclay.  The  expelled  quantity  was  almost  free  from  this  ;  it  was 
nearly  all  coal,  very  friable,  and  having  shining  black  faces.  The 
deceased  had  just  holed  into  this  changed  area. 

The  last  outburst  occurred  on  March  9th,  1898,  at  about  12  20  noon, 
from  the  face  of  No.  6  north  level,  225  feet  from  the  engine -brow.  The 
level  was  driven  51  feet  wide.  There  was  a  bore-hole  in  the  "minings" 
G£  feet  in  advance  of  the  face,  2£  inches  in  diameter,  and  3|  feet  from 
the  lower  side.  Two  men  were  at  work  ;  the  cracking  coal  gave  them 
a  slight  warning,  they  ran  away,  and  one  of  them  looking  round  saw  the 
coal  coining  towards  him  like  a  "  wave."  About  45  tubs  were  filled  from 
the  disturbed  area.  The  manager  had  carefully  examined  the  place 
J  hour  before,  at  11*50  a.m.;  he  saw  the  hole  bored  6  J  feet  :  a  little  gas 
was  given  off  from  the  hole,  and  from  the  face  generally  gas  exuded, 
showing  a  cap  on  the  safety-lamp.  The  manager  noticed  that  the 
"minings"  were  very  coaly,  and  the  absence  of  fire-clay  (Fig.  5, 
Plate  VIII.). 

The  writer  examined  this  place  6  hours  after  the  outburst,  and 
before  anything  was  removed.  Fire-damp  was  then  found  to  be  issuing. 
There  was  not  the  slightest  indication  of  any  heat,  the  tenrperature 
being  7<>"  Fahr.  He  proved  that  there  was  no  cavity,  and  that  there 
was  an  area  disturbed  ;  the  coal  was  broken  up  into  small  pieces,  but 
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among  the  expelled  portion  there  were  several  large  lumps  :  one  piece 
measured  33  inches  in  diameter  and  2  to  3  inches  in  thickness.  The 
expelled  coal  extended  over  the  lower  road  for  a  distance  of  20  feet  from 
the  face,  and  at  10  feet  from  the  face  the  coal  nearly  reached  up 
to  the  roof. 

From  this  record  it  will  be  seen  that  outbursts  occurred  in  narrow 
places,  4  to  G  feet  wide  ;  and  in  comparatively  wide  places,  30  to  50  feet 
wide.  That  they  all  occurred  in  opening  out  while  cutting  into  the  solid 
coal.  There  were  no  outbursts  while  working  out  the  coal  in  the 
pillars. 

As  regards  bore-holes,  the  changes  have  been  rung  from  (1)  none  at 
first ;  (2)  to  bore-holes  in  the  upper  part  of  the  seam  (the  "  minings  ")  ; 
(3)  to  bore-holes  in  the  lower  part  of  the  seam  ;  (4)  boring  abandoned  ; 
and  finally  (5)  an  extended  systematic  boring  in  the  "minings."  When 
boring  wTas  commenced  it  was  thought  that  a  small  hole  would  suffice  to 
let  off  the  gas.  The  diameter  of  the  hole  was  then  1  inch,  and  it  was 
thought  that  one  hole  bored  in  a  suspicious  part  of  the  place  would  be 
sufficient.  The  boring  of  the  holes  by  contract,  at  so  much  per  foot,  by 
the  collier,  did  not  answer. 

An  attempt  was  made  to  keep  the  holes  12  to  15  feet  in  advance,  but 
it  was  not  possible,  as  the  holes  became  closed,  leaving  only  7  to  9  feet 
open.  Later  an  attempt  w7as  made  to  bore  them  10  feet  long,  but  as  it 
took  as  long  to  bore  the  last  foot  as  the  first  9  feet,  it  resolved  itself  into 
9  feet  holes. 

The  borers  frequently  had  alarming  experiences.  In  one  case,  the 
manager,  fireman  and  a  collier  were  putting  in  a  hole  When  5  feet  in, 
there  was  a  crack  like  a  shot ;  they  all  ran  back  15  or  20  feet.  Eeturning 
in  2  or  3  minutes,  they  tried  the  hole  and  found  gas  issuing.  They 
then  resumed  boring  ;  for  1  foot  the  "  minings "  were  very  soft,  the 
issuing  gas  made  a  noise  like  steam,  the  scraper  choked  up,  and  on 
loosening  it  a  handful  of  dust  was  blown  into  the  man's  face. 

In  another  case,  when  the  hole  wTas  7  feet  in,  raps  began,  and  work- 
was  stopped  awhile  ;  on  resuming  work  the  raps  recommenced,  there 
were  12  or  14,  like  guns  going  off.  The  fireman  was  in  the  act  of 
trying  for  gas  when  he  heard  a  peculiar  noise,  like  a  grunt,  and  the 
safety-lamp  was  filled  with  gas  in  an  instant. 

In  another  case,  all  was  quiet  before  beginnning  to  bore,  the 
"  minings  "  were  a  little  "  set "  and  clayey  at  the  front.  When  the  hole 
was  3   feet  in    the  "minings,"  the   bottom    coal   began   to  crack  and 
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work,  and  gas  was  given  off  from  the  hole  freely.  It  was  so  abundant 
that  the  men  were  withdrawn  for  \  hour.  On  resuming  work,  at  a 
depth  of  4£  feet,  the  cracking  again  began,  and  the  whole  face,  15  feet 
in  width,  Bounded  as  if  it  would  blow  out.  The  hole  was  stopped,  and 
the  men  withdrawn.  The  next  morning  the  hole  was  bored  to  a  depth 
of  9  feet,  all  was  quiet  and  no  gas  apparently  was  being  given  off;  but 
when  the  colliers  took  off  3  feet  of  "minings"  gas  began  to  issue  from 
tin-  b  are-hole  with  a  loud  blowing  noise.  At  the  commencement  of  this 
hole,  it  should  be  observed,  the  boring  was  very  stiff,  as  hard  (day 
prevailed,  but  the  stratum  became  very  soft  at  the  end  of  the  hole. 

Several  times,  it  has  been  proved  that  the  outbursts  were  coincident 
with  a  marked  change  in  the  upper  stratum  of  the  coal-seam — from  con- 
taining much  hard  fire-clay  to  being  almost  all  coal.  The  coal  was 
extremely  friable  and  could  be  easily  crushed  in  the  hand,  and 
apparently  the  gas  was  impounded  within  the  areas  of  friable  coal. 

Towards  the  end  of  1894,  when  it  was  again  desired  to  extend  the 
engine-brow,  with  the  view  to  winning  another  rank,  it  was  with 
difficulty  that  the  men  could  be  found  willing  to  work  the  place  — only 
one  set  of  G  men  were  found  willing. 

It  wTas  decided  to  carry  3  bore-holes  in  advance,  one  in  the  middle 
and  one  near  each  side  of  the  place,  driven  not  less  than  45  feet  wide. 
The  front  holes  were  to  be  bored  9  feet  in  advance,  and  when  4  feet  of 
face  was  removed  the  holes  were  to  be  carried  forward  to  9  feet,  or  fresh 
holes  bored  9  feet  deep.  Flank  holes  on  each  side  were  to  be  bored 
7  feet  deep,  and  at  intervals  of  4  feet.  All  the  holes  were  to  be  bored 
by  a  3  inches  drill  by  daywagemen.  One  man  was  specially  appointed, 
who  was  to  employ  one  of  the  colliers  as  an  assistant.  All  the 
'•minings"  were  to  be  filled  into  tubs  and  sent  out  of  the  pit. 

It  was  further  decided  to  open  out  wide  places  from  the  sides  of 
the  engine-brow  as  soon  as  practicable,  and  to  leave  no  pillars  of  coal, 
the  object  sought  being  to  give  every  opportunity  for  draining  the  gas 
from  the  seam. 

This  system  has  admirably  succeeded,  and  not  a  single  outburst 
has  occurred  for  over  6  years.  The  engine-brow  has  been  extended 
nearly  900  feet,  and  is  now  in  course  of  further  extension. 

The  conditions  now- as  regards  the  "minings"  being  coaly,  soft, 
fireclay  interspersed  periodically,  gas  being  freely  given  off,  pyrites 
present-  are  as  near  as  possible  the  same  as  when  the  outbursts  occm  red. 
The  cover  has  increased  until  now  it  is  about  2,100  feet. 
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It  should  also  be  observed  that  with  the  present  mode  of  opening 
out  there  have  been  no  gob-fires  ;  on  occasions  the  packs  have  been 
found  heated,  but  there  being  ample  facilities  for  examination  the 
packs  can  be  got  at  readily,  and  the  heated  portions  removed.  Under 
the  old  system  the  roads  were  often  inaccessible,  and,  if  necessary,  new 
roads  had  to  be  made  to  deal  with  the  heated  places  or  fires. 

Where  the  coal  is  entirely  removed,  the  engine-brow,  when  once 
settled,  requires  very  little  timber  and  little  repair.  The  part  of  the 
engine-brow  where  coal-pillars  were  left  required  timbering,  and  the 
bars  were  being  constantly  changed. 

The  following  is  a  chemical  analysis  of  the  "  minings  "  : — 

Samples. 

Fixed  carbon 

Volatile  matter    ... 

*Mineral  matter    

+Sulphur  (which  burns  away)     .. 

Moisture    ... 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

46-71 

12-25 

43-50 

0-97 

17-97 

J  7 -03 

17-69 

682 

20-47 

47-83 

24-87 

89-58 

13-81 

22-08 

1310 

0-94 

1-04 

0-81 

0-84 

1  69 

100-00 

100-00 

100-00 

100 -co 

trace. 

0-14 

0-41 

trace. 

25-89 

41-40 

24-56 

1-76 

*The   mineral    matter    contained 

sulphur 
•[Sulphur,  equal  to  iron  pyrites, 

FeS2 

The  accompanying  plans  (Plate  VIII.)  show  the  form  of  the  workings 
during  the  period  of  outbursts,  the  position  of  those  recorded,  the 
disturbed  areas  in  several  cases,  and  the  form  of  the  workings  in  the 
present  mode  of  opening  out. 

Specimens  of  the  various  strata  of  the  seam  were  exhibited. 


Mr.  H.  "W.  Halbaum  (Gateshead)  wrote  that  Mr.  Gerrard's  record 
of  the  phenomena  at  Broad  Oak  colliery  and  of  the  means  which  bad 
been  successful  in  reducing  those  phenomena  went  far  to  fortify  the 
position  of  those  few  mining-engineers  who  maintained  that  bumps  and 
outbursts  of  coal  were  due  to  the  pressure  of  gases  in  situ.  He  (Mr. 
Halbaum)  had  some  time  ago  formulated  a  theory  as  to  the  cause  of, 
and  the  coincident  phenomena  associated  with,  such  outbursts  of  coal, 
and  the  paper  written  by  Mr.  Gerrard  formed  so  remarkable  a  testimony 
to  the  soundness  of  the  theory  that  he  thought  he  might  be  permitted  to 
submit  a  recapitulation  of  the  main  points.  The  Broad  Oak  colliery  was 
not  the  only  mine  in  which  such  outbursts  of  coal  had  occurred,  and  ;i 
perusal  of  the  Transactions  showed  that  mining-engineers  were  not  by 
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:uiv  means  agreed  that  gaseous  pressure  was  the  chief  factor  ;  while 
some  engineers  had  even  stated  that,  in  their  opinion,  gas  had  nothing 
whatever  to  do  with  the  matter.  The  complete  success  of  the  remedial 
means  adopted  at  the  Broad  Oak  colliery,  however,  showed  that,  in  this 
3e,  at  least,  gas  had  a  very  great  deal  to  do  with  such  occurrences. 
The  general  theory  of  the  case  for  gaseous  pressure  covered  a  large  area 
of  ground,  but  the  main  points  might  be  summarized  as  follows  : — 
(1)  Other  things  being  equal,  it  was  reasonable  to  think  that  the 
quantity  of  gas  generated  in  the  unit  of  time  in  a  seam  would  vary 
directly  as  the  chemical  activities  in  that  seam  and  directly  as  the 
thickness  of  the  seam.  (2)  The  pressure  of  gas  in  situ  must  vary 
inversely  as  the  facilities  for  its  escape,  or  in  other  words,  the  pressure 
varied  as  the  depth  of  the  seam,  and  inversely  as  the  j^orosity  of  the 
strata.  By  the  depth  of  the  seam,  he  meant  the  depth  below  the 
drainage -level,  and  it  would  be  understood  that  this  drainage-level  might 
be  the  natural  drainage-level,  or  an  artificial  one,  such  as  a  worked-out, 
or  opened-out  upper  seam.  (3)  An  area  of  face  being  exposed,  theory 
and  practice  alike  pointed  to  the  conclusion  that  the  pressure  of  gas 
in  situ  varied  as  the  square  root  of  the  distance  from  the  exposed  area. 
The  exposed  area  of  face  was,  of  course,  an  area  of  outlet.  (4)  In 
homogeneous  coal,  the  curve  of  pressures  which,  by  (3),  was  a  parabola, 
extended  from  the  face  into  the  solid  coal  ;  the  vertex  of  the  parabola  was 
at  the  face  of  the  coal  and  the  zero  of  the  pressures.  The  curve  of  the 
pressures  being  continually  extended  into  the  solid  coal  merged,  at  some 
point  indefinitely  distant  from  the  face  into  the  ultimate  straight  and 
horizontal  line  of  the  original  pressure  in  situ.  By  the  term  "  original 
pressure  in  situ"  he  meant  the  pressure  obtaining  before  the  seam  was 
tapped.  (5)  In  disturbed  areas,  the  seam  may  be  anything  but 
homogeneous,  and  ribs  of  coal  materially  differing  in  general  structure, 
etc.,  might  be  successively  met  with.  In  such  a  case,  the  curve  of 
pressures  became  a  composite  curve  formed  of  the  various  parabolic 
curves  peculiar  to  the  respective  porosities  of  the  respective  ribs  whose 
respective  structures,  etc  ,  were  dissimilar.  And  in  such  cases,  the  zero 
of  the  curve  for  each  successive  rib  stood  on  the  ultimate  ordinate  of 
the  curve  of  pressure  for  the  rib  preceding.  And  this  meant  that  behind 
each  of  the  less  porous  ribs  the  pressure  was,  so  to  speak,  banked-up  in 
abnormal  quantities.  (0)  By  the  properties  of  the  parabola,  every  curve 
of  pressure  wafl  necessarily  and  invariably  steepest  at  that  end  which  was 
nearest  the  face.  (7)  Since  the  porosity  was  greater  along  the  lines  of 
cleavage  than  across  them,  the  curves  of  pressure  crossing  the  cleavage 
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were  steeper  than  the  curves  whose  axes  ran  in,  or  were  parallel  to  such 
lines   of  cleavage.       (8)  As  the  face  of   work  advanced,  the  curve  of 
pressures  retreated  and  continually  endeavoured  so   to  readjust  itself 
that   the   zero    of  the  curve  was  at  the   face  of   work.       (9)   Where 
the  steeper  curves  of  pressure  obtained,  the  face  might  advance  more 
quickly   than   the  curve    could,  by  means   of    the   porosity  alone,  re- 
adjust itself  to  its  true  geometrical  shape  without  more  or  less  violence. 
This  meant  that  the  readjustment  of  pressure  would  be  accompanied  by 
phenomena  of  more  or  less  violence,  which  might  be  exhibited  in  any 
degree,  from  a  mere  crackling  in  the  holing  or  kirving  to  small  "bumps," 
such  as  those  experienced  at  several  collieries,  and  up  to  the  violent 
"  bumps  "  and  outbursts  of  coal  such  as  those  recorded  at  Broad  Oak, 
Hamstead,   and   a   few    other    collieries.     The    dissimilarity    of   these 
phenomena  was  not  due  to  any  material  difference  in  their  nature,  but 
was  due  to  the  degree  of  force  behind  them.     (10)  The  faces  of  work 
most  liable  (by  his  theory)  to  overtake  the  curves  of  pressure  and  to  set 
up  violent  phenomena  were  (a)  the  faces  of  such  drivings  as  were  being- 
carried  across  the  planes  of  cleavage  ;  (&)  the  faces  of  the  narrower  driv- 
ings ;  (c)  the  faces  of  drivings  whose  height  was  less  than  that  of  the  seam  ; 
(d)  the  faces  of  drivings  in  those  ribs  of  lesser  porosity,  behind  which 
the  pressure  was  banked-up  in  abnormally  large  quantities.     For  all  of 
these  were  cases  where  the  curve  of  pressure  was  liable  to  be  unusually 
steep  at  the  face.     (11)  Violent  re-adjustments  of  the  pressure-curve 
consisted  (as  might  be  shown  easily  did  space  permit)  of  a  series  of 
strictly  progressive  phenomena,  each  of  which  in  turn  gave  rise  to  that 
immediately  succeeding,  and  each  of   which  was  accompanied   by  an 
explosive  report,  the  succession  of  phenomena  producing  a  succession 
of  reports  which  might  vary  in  loudness  from  a  series  of  cracks  in  the 
holing  to  a  series  of  thunder-like  reverberations,  according  to  the  violence 
of  the  re-adjustment.     (12)  Gaseous  pressure  in  the  coal  existed  in  every 
pore  of  the  coal,  hence,  in  all  outbursts  of  coal  due  to  purely  gaseous 
pressure,  the  coal  was  likely  to  be  considerably  pulverized  owing  to  the 
fact  that  the  explosive  force  producing  the  outburst  was  a  force  which 
pressed  outward  from  every  pore,  and  so  tended  to  burst  every  pore.     By 
such  outbursts  due  to  such  a  cause  men  were  more  likely  to  be  smothered 
than  crushed.     (13)  Where  the  pressure  in  situ  was  abnormally  high,  it 
was  natural  to  suppose  that  the  temperature  obtaining  in  a  bore-hole 
would  be  less  than  that  of  the  outside  atmosphere  ;  because  the  bore- 
hole was  the  exhaust-chamber  which  received  the  gas  exuded  under  a 
high  pressure,  and  the  temperature  of  this  exhaust-chamber  would  be 
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less  than  that  of  the  atmosphere  of  the  mine  owing  to  the  absorbtion 
by  the  expanding  gas  of  heat  from  the  atmosphere  in  the  bore-hole.     The 

same  thing  was  seen  in  connexion  with  the  exhaust  of  an  engine  driven 
by  compressed  air.  and  the  same  thing  appeared  to  obtain  at  Hamstead 
colliery  where  it  was  stated  that  the  temperature  of  the  strata  was 
apparently  less  than  that  of  the  atmosphere  of  the  mine.  If  the 
temperature  of  the  strata  at  Hamstead  colliery  was  really  less  than  that  of 
the  mine  air,  it  would  be  interesting  to  learn  what  maintained  the  mine 
air  at  this  superior  temperature.  But  this  theory  of  gaseous  pressure 
appeared  to  show  clearly  that  this  difference  was  only  apparent  and  not 
real,  while  the  same  theory  gave  a  natural  explanation  of  the  Hamstead 
bumps.  These  did  not,  unfortunately,  owing  to  the  immense  height  of 
the  seam,  appear  to  be  remediable  by  exactly  the  same  process  as  that 
which  had  been  so  signally  successful  at  Broad  Oak.  But  (14)  the 
obvious  lesson  of  this  theory  was  the  enlargement  of  the  face-area.  The 
outbursts  were  due  to  the  face  advancing  too  rapidly  upon  the  pressure- 
curve.  By  enlarging  the  face,  its  advance  on  the  carve  was  retarded, 
and  at  the  same  time,  owing  to  the  enlargement  of  the  area  of  outlet, 
the  steepness  of  the  curve  itself  was  reduced.  He  had,  perhaps,  put 
the  case  for  the  theory  of  gaseous  pressure  rather  too  briefly  for  complete 
lucidity,  but  he  submitted  that  the  theory  was  wTell  worth  the  considera- 
tion of  those  who  had  to  deal  with  occurrences  so  distressing  as  those 
>ciated  with  the  history  of  Broad  Oak  and  Hamstead  collieries  ;  and 
he  thought  that  Mr.  (lerrard's  paper  practically  established  the  theory, 
so  far,  at  least,  as  Broad  Oak  colliery  was  concerned. 

Mr.  H.  F.  Bulman  wrote  that  instantaneous  outbursts  of  tire-damp 
and  coal,  such  as  those  described  by  Mr.  Gerrard,  had  occurred  within 
recent  years  at  the  Metropolitan  colliery,  near  Helensburgh,  some 
distance  to  the  south  of  Sydney,  New  South  Wales.  The  following 
particulars  were  gathered  from  Mr.  Daniel  A.  W.  Robertson,  the 
manager,  during  a  visit  paid  to  the  colliery  last  year.  The  Main  coal- 
seam  lies  at  a  depth  of  1,100  feet  at  the  shafts,  and  there  are  no  other 

as  above  it.  \t  is  lU  feet  thick,  including  some  inches  of  stone 
bands,  but  the  lower  4  feet  8  inches  are  of  inferior  quality,  and  are  only 
removed  to  make  height  in  the  mainroads.  The  upper  6  feet  is  a 
good  steam-coal,  containing  a  higher  percentage  of  carbon  than  most 
Australian  coals.  Above  it  comes  4  feet  of  grey  shale  and  then  sand- 
stone. Tt  is  a  heavy  coal,  having  a  specific  gravity  of  1*3.  rl  he  seam  is 
of  a  jointy   nature,  containing  numerous  backs  and  vertical  partings, 

25 
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which  make  it  easy  to  hew.  A  hewer  works  5  to  6  tons  in  his 
8  hours'  Bhift,  without  the  aid  of  any  explosive.  It  makes  a  great  deal 
of  gas.  In  the  main  return  airway  a  Clowes  lamp  indicated  regularly  l£ 
per  cent,  of  gas,  and  on  one  occasion  when  the  fan  was  run  at  half  speed 
for  3  hours  the  percentage  of  gas  in  the  return-air  was  doubled,  that  is, 
raised  to  3  per  cent,  during  this  time.  The  mine  is  very  dry,  dusty, 
and  hot,  the  temperature  being  as  high  as  78°  Fahr.  A  Walker  fan, 
20  feet  in  diameter,  produces  a  current  of  air  of  300,000  cubic  feet  per 
minute.  The  scam  is  worked  on  the  double-stall  system  :  the  headings, 
12  feet  wide,  are  driven  in  pairs,  and  on  each  side,  stalls,  30  feet 
wide,  are  turned  away.  The  pillars  between  the  stalls  are  150  feet  wide, 
except  every  third  pillar,  which  is  left  double  this  width,  or  300  feet. 
Accidents  from  falls  of  coal  in  the  face  are  numerous,  due  to  the  jointy 
structure  of  the  seam,  the  strong  pressure  of  escaping  gas,  and  the  con- 
siderable top  pressure,  the  cover  being  1,600  feet  thick  in  places.  Loud 
reports  and  cracks  (known  in  Staffordshire  as  "bumps")  are  common. 

During  the  last  three  years,  six  sudden  outbursts  of  gas,  carrying  with 
them  a  lot  of  solid  material,  have  occurred.  The  worst  of  them  killed 
3  men  (2  hewers  and  1  putter),  who  were  smothered  before  they  could 
escape.  This  accident  occurred  in  a  heading,  12  feet  wide,  and  the  solid 
material,  which  was  dirty,  disintegrated  coal  of  "  duff "  size,  filled  the 
place  5g  feet  high  for  a  distance  of  about  100  feet  back  from  the  face. 
All  the  outbursts  had  taken  place  in  the  neighbourhood  of  faults  or  igneous 
disturbances.  It  had  been  noticed  that  in  approaching  them  the  coal 
had  been  harder  than  usual.  Mr.  Robertson  thought  that  this  hard  coal 
might  be  so  dense  as  to  prevent  the  passage  of  gas  through  it,  and  to  act 
as  a  dam  to  the  pent-up  pressure  of  gas  and  disintegrated  coal  behind. 
So  soon  as  the  dam  was  sufficiently  weakened,  the  pressure  found  an 
outlet.  Boring  in  advance  had  been  tried,  but  it  had  not  prevented  the 
outbursts. 

Similar  outbursts  have  been  recorded  as  occurring  at  the  Besseges 
mines  in  France,  but  fortunately  in  coal-mining  generally  they  appear  to 
be  very  rare. 

Mr.  W.  Beattie  Scott  (H.M.  Inspector  of  Mines)  said  that  papers 
written  by  .Mr.  .Joseph  Dickinson"  and  Mr.  Meachemt  had  dealt  with 
the  same  question.     Mr.  Gerrard,  however,  had  given  no  information  as 

the  cause  of  these  outburs  Similar  outbursts  had  occurred  ai 

Transactions  of  tht  Manchester  Geological  Society,  1893,  vol.  xxii. ,  page  239. 
f  Trans.   Inst.    M.E.,   vol.  v.,  page  381  ;  vol.  xii.,  page  612 ;  and  TransactwfM 
oftju  Manch  iter  Geological  Society,  1896,  vol.  xxv.,  page  83. 
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Elamstead  colliery  and  similar  results  Ird  been  observed,  but  the  coal 
being  hard  and  crystalline,  large  masses  of  coal  had  been  thrown  off  by 
what-  were  locally  called  "bumps."  Be  presumed  that  the  noises 
described  by  Mr.  Gerrard  were  of  the  same  nature.  These  noises  would 
pass  through  many  hundred  feet  of  strata,  and  he  had  been  wakened 
at  night  in  his  home  by  noises  conveyed  through  2,100  feet  of  strata. 
The  noises  were  different  from  those  heard  about  two  years  ago  when 
earthquakes  were  felt  in  this  country.  What  was  the  cause  of  such 
occurrences,  and  what  precautions  should  be  adopted  to  prevent  them  in 
future  ?  After  a  long  study  of  the  matter,  he  put  it  down  to  nothing- 
more  than  the  pressure  of  the  strata  which  forced  out  the  material 
below  ;  the  softer  coal  was  forced  out  ;  and  if  they  could  carry  out 
experiments  and  put  on  as  much  pressure  with  a  Brahma  press  as  was 
exerted  by  2,100  feet  of  strata  they  would  force  out  the  softer  portions 
of  the  material  with  which  they  were  experimenting. 

Mr.  T.  Vaughan  Hughes  (Birmingham)  asked  whether  any 
analysis  had  been  made  or  any  measurement  taken  of  the  volume  of  the 
occluded  gases. 

Mr.  Arnold  Lupton  (Leeds)  agreed  with  Mr.  Scott  that  it  was 
doubtless  the  pressure  which  had  reached  what  he  might  call  the 
"  critical  point  "  that  had  caused  the  bumps,  and  beyond  the  "  critical 
point "  the  coal  became  completely  disintegrated  and  fell  into  dust.  But 
how  did  this  theory  explain  the  rush  of  dirt  and  inelastic  material  that 
ensued  ?  And  what  about  the  warnings  which  were  heard  and  were  not 
accompanied  by  gas  ?  He  ventured  to  suggest  for  the  consideration  of 
the  members  that  all  coal  contained  gas,  which  did  not  come  out  in  the 
cracks  and  fissures,  but  was  contained  in  the  coal  itself,  the  pressure 
all  at  once  passed  the  critical  point,  the  coal  fell  into  dust,  and  thus 
the  gas  that  it  contained  was  suddenly  liberated,  and  this  liberation  of 

might  be  sufficient  to  throw  the  small  coal  forward,  as  described  by 
Mr.  Uerrard.  The  pressure  required  to  lift  a  lump  of  coal,  even  of 
large  dimensions,  would  not  be  very  great. 

Mr.  Harry  Rhodes  (Rotherham)  said  that  he  had  had  some 
experience  of  outbursts  of  gas  and  water,  accompanied  by  severe  bumps, 
in  a  seam  about  5  feet  thick  with  a  stone  roof.  He  had  heard  the  bumps, 
and  large  pieces  of  coal  had  been  projected  some  distance  away.  There 
had  not,  however,  been  any  damage  done  to  the  place,  beyond  the  diffi- 
culty of  getting  into  it,  caused  by  the  material  thrown  forward  and  the  flow 
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of  gas  and  water.  The  gas  in  several  instances  fouled  air-currents,  varying 
from  10,000  to  25,000  cubic  feet  per  minute  ;  and  in  some  cases  pressing 
back  the  intake  air-current  for  considerable  distances.  Many  safety- 
lamps  had  been  extinguished,  and  in  one  case,  two  ponies  were  nearly 
suffocated.  Tt  was  noteworthy  that  without  exception,  these  outbursts 
of  gas  and  water  had  all  occurred  in  winning  bords,  and  that  the  issues 
of  gas  and  water  speedily  ceased  ;  and  that  no  outbursts  had  occurred 
in  end  places.     The  depth  varied  from  1,800  to  2,200  feet. 

Mr.  A.  S.  Douglas  (Hucknall  Torkard)  asked  for  information  as  to 
the  depth  of  the  hole  bored  after  the  outburst  of  July  21st,  1892,  and 
the  pressure  of  gas,  if  recorded.  Some  years  ago,  Sir  Lindsay  Wood 
read  a  paper  before  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers  *  on  the  pressure  of  gas  in  the  coal-seams  at 
several  collieries  in  the  County  of  Durham.  The  pressures  were  con- 
siderable, and  varied  from  200  to  250  pounds  to  the  square  inch. 

Mr.  M.  Deacon  (Chesterfield)  asked  whether  there  was  evidence  of 
blowers  of  gas,  independent  of  the  bumps  referred  to.  He  thought  that 
the  duration  of  the  outbursts  was  extremely  short,  apparently  not  more 
than  3  or  4  hours.  He  would  also  like  to  know  whether  there  was  any- 
thing in  the  appearance  of  the  coal— that  remained  solid  — which  would 
indicate  the  existence  of  pockets  in  which  the  gas  might  be  stored  at  a 
high  pressure.  In  1868,  in  South  Wales,  an  extraordinary  blower  of  gas 
occurred  at  the  Abercairn  collieries,  and  this  blower  was  so  gigantic  that 
it  had  cleared  out  from  15  to  20  feet  of  a  heading— that  is,  blew  solid 
coal  out  of  the  heading,  and  formed  an  enormous  coal-bank  many  feet 
in  length. 

Mr.  J.  A.  Longden  thought  that  the  paper  was  a  very  strong 
advocate  for  the  longwall  system  of  working,  and  he  was  of  opinion  that 
if  the  roads  had  not  been  driven  into  solid  coal  there  would  not  have 

;i  nany  outbursts  of  coal  or  gas. 

Mr.  W.  Bbattib  Scott  said  that  there  was  no  gas  at  Hamstead 
colliery.  The  pressure-gauge  did  not  register  any,  and  therefore  the 
question  of  gas  at  that  colliery  did  not  enter  into  the  question  under 
discussion. 

Mr.  John  GtERRARD,  replying  to  the  discussion,  said  that  the  noises 
heard  in  connexion  with,  or  prior  to,  the  Broad  Oak  outbursts,  were,  be 
imagined,  different  to  the  noises  accompanying  fche  bumps  of  the  Thick 

*  Trans.,  1880,  vol.  xxx.,  page  163. 
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coal-seam  of  South  Staffordshire:  the  noises  were  always  accompanied 
l)y  Issues  of  gas,  the  outbursts  were  coal  and  gas.  Be  thought 
that  definite  evidence  was  afforded  which  would  enable  the  members 

to  form  their  own  opinion  as  to  the  cause  of  these  outbursts,  in 
the  record  of  facts  together  with  the  particulars  of  the  mode  of 
king  which  for  6  years  had  resulted  in  an  entire  absence  of 
outbursts.  It  should  be  noted  that  the  outbursts  did  not  commence 
until  1,500  feet  of  cover  had  been  attained,  and  as  there  was  no 
appreciable  difference  in  the  conditions  of  the  seam,  it  was  evident 
that  the  outbursts  were  associated  with  the  thickness  of  cover.  If 
the  pressure  in  pounds  per  square  inch  varied  with  the  depth  in  feet, 
the  pressure  at  the  present  time  with  a  depth  of  2,100  feet  would  be 
2,100  pounds  to  the  square  inch.  Analyses  of  the  blown  out  "minings" 
were  recorded  in  his  paper,  but  no  analyses  of  the  gas  had  been  made.  It 
would  be  difficult  to  determine  the  amount  of  gas  given  off,  and  inde- 
pendent of  the  outbursts  there  had  been  no  blowers  of  gas.  The  depth 
of  the  bore-hole  which  on  July  21st,  1892,  gave  a  pressure  of  14 J 
pounds  to  the  square  inch  wras  15  feet.  It  had  been  proved  that  there 
were  areas  of  very  soft,  extremely  friable  coal,  surrounded  by  a  strong 
hard  stratum  largely  containing  fire-clay  ;  and  it  was  from  these  soft 
coaly  areas  that  the  gas  issued  to  a  certain  extent,  therefore  these  areas 
might  be  described  as  pockets  or  pounds  of  gas.  The  members  would 
see  from  the  samples  exhibited  the  nature  of  the  roof,  clay,  extremely 
friable  coal  and  the  coal  of  the  seam.  A  microscopic  examination  of  the 
coal  forming  the  "  minings "  showed  intense  disintegration,  a  marked 
absence  of  vegetable  tissue,  and  that  it  was  an  extremely  carbonaceous 
mineral.  Mr.  B.  F.  Bulman  described  a  case  in  which  boring  in  advance 
had  failed.  Originally  it  was  thought  at  Broad  Oak  that  a  small  hole 
bored  in  advance  of  the  face  might  be  sufficient,  but  it  had  been  proved 
insufficient.  The  lesson  learned  was,  that  boring  must  be  systematic  ; 
and,  now  they  place  a  bore-hole  in  the  middle  of  each  place,  one  in  each 
side,  and  flank-holes  7  feet  deep  at  intervals  of  4  feet.  In  addition  to 
systematic  boring,  he  strongly  held  that  other  remedies  had  contributed 
to  success,  ceasing  to  leave  pillars,  and  opening  out  into  wide  working, 
had  also  the  effect  of  allowing  the  gas  to  escape  gradually. 

The  President  moved  a  hearty  vote  of  thanks  to  Mr.  Gerrard  for 
his  valuable  paper,  and  the  motion  was  cordially  adopted. 


The  following  paper  by  Mr.  A.  H.  Stokes  on  "  Castleton  :  History, 
Geology,  Minerals  and  Mining,"  was  taken  as  read  : — 
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CASTLETON:    HISTORY,   GEOLOGY,  MINERALS  AND 

MINING. 


By  A.   H.  STOKES,  F.G.S.,  H.M.  Inspector  of  Minks. 


History. 

The  history  of  the  Royal  Manor  of  Castleton  would  be  similar  to  the 
history  of  most  of  the  small  isolated  villages  of  the  Peak  of  Derbyshire, 
were  it  not  for  its  historical  castle,  and  as  being  the  locality  selected  by 
Sir  Walter  Scott  for  his  well-known  novel  The  Peveril  of  the  Peak. 

It  is  probable  that  the  original  name  was  the  Castle  in  the  Peak,  for 
old  documents  call  it  the  castle  of  Pec  or  Peck,  the  castle  of  Peck  or 
Peke,  or  Peveril's  Place  in  the  Peke,  and  latterly  the  name  is  Peak 
Castle,  the  village  nestling  immediately  below  the  castle  taking  the 
name  of  Castle  Town. 

In  driving  from  Sheffield  to  Castleton,  we  pass  over  high  moorland 
country,  the  home  of  grouse  and  the  wild  flower,  a  district  thinly 
sprinkled  with  homesteads,  and  where  nature's  aerial  forces  are  seldom  at 
rest.  AVe  ascend  to  a  height  of  1,340  feet  above  sea-level,  and  then, 
as  we  quickly  descend  to  the  village  of  Hathersage,  we  see  below  us  one 
of  the  loveliest  dales  to  be  found  in  the  county.  The  road  and  stream 
running  parallel  for  some  distance,  the  clear  waters  of  the  Derwent 
and  the  Noe,  softly  purling,  glide  along,  by  the  roadway  milk-white 
with  triturated  limestone  ;  as  both  river  and  road  wind  their  way  at  the 
foot  of  hills  of  steep  inclination,  surrounded  by  foliage  of  varying  hues, 
they  form  a  sinuous  view  of  ever  changing  and  beautiful  scenery,  and 
before  we  enter  the  Hope  valley  at  its  eastern  extremity,  there  bursts 
upon  us  the  broad  expanse  of  a  great  pastoral  area  of  fields  and  green 
meadows,  with  the  two  villages  of  Hope  and  Castleton  ensconced  in  a 
magnificent  amphitheatre  of  hills.  The  keep  of  the  castle  towers  up  as 
if  proclaiming  a  defiance  to  the  unwelcome  marauding  tribes,  which 
formerly  inhabited  the  district,  should  they  attempt  to  enter  the  village. 

AVe  pass  through  the  small  village  of  Hope  and  in  lh  miles  reach 
Castleton,  situated  on  the  south-western  side  of  the  valley,  and  seem- 
ingly surrounded  by  high  hills,  except  in  the  direction  in  which  the 
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visitor  entered  the  valley  :  this  is  not  so  in  reality,  for  there  is  a  break 
in  i lie  hilly  em  tronmenl  and  a  road  passes  out  at  the  western  end  of  the 
valley,  Leading  to  Chapel-en-le-Frith.  Castleton  was  formerly  difficult 
of  access,  the  nearest  railway-station  being  7  miles  away,  but  there  is 
now  a  station  at  Hope,  and  we  may  be  set  down  in  a  charmingly 
picturesque  country  within  1|  miles  of  Castleton  village. 

The  castle,  or  rather  the  ruin,  occupies  the  summit  of  an  isolated  hill, 
the  outer  walls  forming  an  irregular  parallelogram,  the  interior  being 
inaccessible  except  by  an  entrance  on  the  eastern  side  overlooking  the 
valley.  At  the  western  angle,  there  is  a  massive  gritstone  tower  or  keep, 
about  50  feet  high,  which  consisted  of  two  lofty  rooms.  The  dimensions 
of  the  outer  walls  and  the  area  of  the  enclosed  space  indicate  that  the 
place  was  never  more  than  a  fortress  or  garrison,  as  its  small  area 
would  prohibit  it  from  being  the  habitation  of  a  court,  such  as  was 
indispensable  to  the  dignity  of  a  feudal  chieftain  in  those  days. 

There  are  indications  that  the  present  castle  stands  upon  a  site 
formerly  occupied  by  a  Saxon  fortress.  The  architecture  of  what  is  left 
of  the  building  would  lead  us  to  conclude  that  its  erection  dated  from 
the  Norman  period,  but  like  many  such  places,  no  record  of  its  first 
stone  laying  is  to  be  found,  and  we  must  refer  to  the  Domesday  Book 
for  the  information  that  the  castle  then  belonged  to  William  Peverel, 
a  natural  son  of  AVilliam  the  Conqueror ;  but  it  was  lost  to  the  Peverels 
in  1153. 

The  castle  was  taken  by  assault  by  the  Earl  of  Derby  in  1215,  and 
Edward  III.  in  1373  granted  the  place  to  John  of  Gaunt,  and  from 
thence  to  the  present  time  it  has  belonged  to  the  Duchy  of  Lancaster. 
The  present  Constable  of  the  castle  is  the  Duke  of  Devonshire,  by  whose 
permission  the  ruins  are  thrown  open  to  visitors.  The  village  was  once 
fortified,  for  the  remains  of  a  fosse  and  ramparts  could  at  one  time  be 
traced  round  it. 

The  church  at  Castleton  is  dedicated  to  Saint  Edmund,  but  this 
gives  little  information  as  to  the  date  of  the  foundation  of  the  village, 
for  the  Christian  religion  was  probably  not  propagated  as  early  in  this 
part  of  Derbyshire  as  in  some  other  parts  of  the  kingdom. 

There  is  no  necessity  to  trespass  further  upon  the  domain  of  the 
antiquarian,  but  as  engineers  we  can  admire  the  foresight  of  our  ancestors 
in  selecting  a  place  for  a  fortress,  where  nature  had  so  strongly  guarded 
the  approach  by  the  steep  declivity  of  the  rocks  upon  which  it  was 
built. 
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Geology. 

The  strata  of  Castleton  may  be  described  as  Mountain  Limestone 
and  Yoredale  rocks  and  shales.*  The  bold  precipitous  hillsides  to  the 
south,  west  and  east,  with  their  weather-beaten  and  almost  bare-rock 
Burface,  show  the  stubborn  resistance  that  the  Mountain  Limestone 
offers  to  the  forces  of  change  and  decay  by  atmospheric  agencies.  In 
some  parts,  the  blackened  face  of  the  exposed  limestone  stands  out  in  bold 
relief,  presenting  an  inaccessible  front  to  the  climber,  and  in  majestic 
defiance  of  the  united  forces  of  time  and  climatic  change  to  bring  about 
its  downfall  and  disintegration. 

The  Mountain  or  Carboniferous  Limestone  is  so  well  known,  and  so 
unmistakable  in  appearance,  that  a  student  in  geology  would  easily 
recognize  it.  It  is  the  coal-miner's  limit  of  descent  in  the  strata  forming 
the  crust  of  the  earth,  and  the  field  for  research  of  the  metalliferous 
miner  of  the  county  of  Derby.  It  forms  the  bold  escarpments  which 
give  shape  to  the  picturesque  scenery  of  the  county. 

There  are  a  few  quarries  near  Castleton  working  the  limestone.  It 
is  used  for  burning  into  lime,  building  purposes,  and,  broken  up  for 
road-metal,  the  white  appearance  of  the  roads  round  Castleton  being 
due  to  the  limestone  used  for  repairing  them.  A  large  quantity  of  lime- 
stone is  used  for  building  dry  stone  walls  round  the  fields,  for  the  bleak 
situation  is  unsuitable  for  the  growth  of  hedges. 

The  boundary  of  the  Mountain  Limestone  can  be  easily  traced  at 
many  points,  for  its  limit  is  frequently  defined  by  an  abrupt  termination 
in  the  contour-line  of  the  county,  its  cold,  bleak  and  nearly  bare  rock- 
surface  giving  unmistakable  indication  of  its  character. 

It  is  to  the  north-west  of  Castleton  that  the  northernmost  point  of 
the  exposed  limestone  is  seen,  and  within  a  few  feet  of  the  bottom  of 
Mam  Tor.  Beyond  this  point  the  limestone  dips  below  the  Yoredale 
rocks  and  shales,  and  is  not  again  seen  to  the  north  in  the  county. 

The  limestone  is  not  one  solid  mass  of  rock,  of  an  uniform  character 
and  unknown  thickness,  but  is  intersected  by  beds  of  chert  and  cherty 
limestone,  and  occasionally  a  contemporaneous  or  intrusive  sheet  of 
igneous  rock  or  toadstone  ;  we  also  occasionally  find  a  parting  of  clay 
and  shale,  and  a  contortion  of  strata  with  huge  faults  that  arrest  the 
eye,  and  cause  the  mind  to  speculate  as  to  the  enormous  force  and  erratic 
upheavals  which  must  have  taken  place  throughout  the  district. 

'  '1  he  author  is  aware  that  a  geologist  would  probably  use  the  term  Yoredale 
rocks,  but  a  mining  engineer  would  not  eall  a  mieaeeous  grit-roek  a  shale,  neither 
would  he  term  shale  a  roek,  and  near  Castleton  the  alternate  layers  <>f  shale  and 
hard  roek  are  so  elearly  defined  that  the  term  Yoredale  rocks  and  shales  appears 
the  best  definition  for  a  mining  engineer. 
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Many  of  the  usual  characteristic  fossils  of  the  Mountain  Limestone 
are  to  be  easily  found  In  the  stone  quarry  in  Cave  Dale,  on  the  south- 
eastern Bide  of  the  castle,  and  within  a  few  feet  of  the  church.  In  or 
about  this  quarry  will  be  found  Productus  and  Terebratuh  with  little 
difficulty  of  search. 

Those  who  have  studied  the  paleontology  of  the  Mountain  Lime- 
stone will  have  no  difficulty  in  assigning-  its  origin  to  marine  conditions, 
and  those  who  desire  to  question  whether  the  limestone  was  a  deep  or 
shallow- sea  deposit  at  Castleton  should  examine  the  small  quarry  about 
half-way  between  Castleton  and  the  Speedwell  mine,  on  the  left-hand  side 
of  the  road  leading  from  Castleton  to  the  Winnats,  where  Messrs. 
J.  Barnes  ct  W.  Eolroyd*  state  that  the  remains  of  a  sea-beach  appear 
in  the  limestone-formation,  and  from  this,  it  is  supposed,  that  whether 
the  lower  limestone  be  a  deep-sea  deposit  or  not,  the  upper  beds  round 
Castleton  must  have  been  deposited  in  shallow  water. 

On  the  northern  side  of  the  Hope  valley  we  have  hills  of  Yoredale 
rocks  and  shales  in  places  capped  by  Millstone  Grit,  but  with  the 
exception  of  Mam  Tor,  there  is  an  absence  of  bold  precipitous  sides,  for 
the  shales  have  crumbled  away,  until  the  ascent  from  the  valley  for  some 
distance  up  the  hillsides  is  a  gradual  and  easy  inclination,  the  green 
pasture- fields  extending  much  higher  up  than  on  the  Mountain  Limestone 
side. 

The  hill  called  Mam  Tor,  or  the  shivering  mountain,  is  one  of  the 
sights  of  Castleton,  and  is  seen  on  a  clear  day  all  up  the  valley  and  for 
miles  around.  It  is  a  hill  composed  entirely  of  Yoredale  rocks  and  shales, 
the  side  facing  Castleton  has  been  so  acted  upon  by  the  weather  that  it 
presents  a  bold  and  almost  vertical  face  of  exposed  rock  and  shale  for  a 
height  of  upwards  of  400  feet  above  the  roadway  at  the  bottom,  it 
exhibits  a  fine  section  of  si  tales  and  beds  of  micaceous  grit,  each  from 
a  few  inches  to  over  a  foot  in  thickness.  The  shale-beds  are  constantly 
weathering  away  and  falling  to  the  bottom,  where  a  large  mass  of 
detritus  has  accumulated  and  is  slowly  pushing  its  way  into  the  valley 
below.  This  constant  wasting  away  of  the  shales  has  suggested  the 
name  of  the  "Shivering  Mountain. "  The  beds  of  hard  rock  are  a 
support  to  the  shales,  and  it  is  the  support  from  these  beds  that 
protects  the  mountain-side  from  rapidly  wasting  away  and  causes  it 
to  retain  its  almost  vertical  face.  The  top  of  Mam  Tor  is  1,100  feet 
above  Castleton,  and  1,700  feet  above  the  level  of  the  sea.  An 
examination  of  the  face  of  the  mountain  and  a  journey  to  the  top  will 

*  Transactions  of  the  Manchester  Geological  Society,  1896,  vol.  xxiv.,  page  215. 
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repay  the  geologist  and  those  who  wish  an  extended  view  over  the 
beautiful  valley  of  Edale  on  the  opposite  side  of  the  mountain. 

The  roadway  at  the  bottom  of  Mam  Tor,  winding  round  to  Castleton, 
may  be  taken  as  the  boundary-line  between  the  Yoredale  rocks  and  shales 
and  the  Mountain  Limestone. 

The  most  interesting  geological  feature  is  the  "  toadstone."  This  is 
the  loeal  name  for  an  igneous  rock  found  between  the  beds  of  limestone; 
it  is  sometimes  called  "  channel,"  and  occurs  in  various  forms.  It  may 
be  hard  like  basalt,  or  concretionary  and  vesicular,  or  it  may  be  found 
decomposed  into  a  soft  greenish  clay,  when  the  miners  call  it  "cat-dirt;" 
in  some  cases,  if  the  clay  be  washed,  nodules  of  calcite  can  be  obtained 
from  it.  A  bed  of  toadstone  is  found  coming  out  on  the  hill  side  of  Cave 
Dale,  to  the  south-west  of  the  castle,  and  many  pieces  may  be  seen  in  the 
stone  wall,  built  to  form  a  fence  to  the  foot-road  wThich  passes  at  the 
back  of  the  castle. 

A  nice  geological  problem  is  raised  as  to  whether  this  was  an 
intrusive  mass  of  igneous  rock,  or  whether  it  was  contemporaneous 
with  the  limestone.  There  may  be  exceptional  cases,  but  it  is  generally 
admitted  that  the  volcanic  eruption,  in  most  parts,  was  contemporaneous 
with  the  deposition  of  the  limestone  ;  in  some  cases  the  limestone  lying 
below  the  toadstone  bears  traces  of  the  action  of  heat,  whereas  the 
beds  of  limestone  overlying  the  toadstone  show  no  such  traces.  We 
have  also  the  amygdaloidal  character  of  some  of  the  toadstone,  which 
may  be  due  to  wTater,  impregnated  with  calcium,  having  covered  the 
mineral  whilst  in  its  hot  state,  the  small  steam-cavities  then  formed 
being  now  found  rilled  with  calc-spar.  We  have  also  the  hard,  solid 
variety,  which  does  not  appear  to  have  been  acted  upon  by  water,  and 
was  probably  cold  before  the  limestone  above  was  deposited.  So  also 
the  finding  of  bedded  volcanic  ash  deposited  under  similar  conditions 
supports  the  contemporaneous  theory.  On  the  other  hand,  we  find  the 
toadstone  cutting  out  the  lead-veins,  and  presenting  the  appearance  of 
having  been  an  intrusive  flow  after  the  formation  of  the  veins.  The 
unevenness  of  the  bed  of  toadstone,  both  at  the  top  and  bottom,  conveys 
the  impression  that  it  was  a  viscous  mass,  pushing  its  way  to  fill  up 
horizontal  cavities  in  the  limestone  made  by  natural  upheavals  or  water- 
worn  openings  ;  or  perhaps  such  openings  were  due  to  both  actions. 
But  again,  we  find  veins  occasionally  passing  through  the  toadstone,  and 
even  the  bed  of  toadstone  distorted  at  a  vein,  one  side  of  the  bed  being 
considerably  higher  than  the  other  side  where  the  vein  passes  through, 
showing  that  the  interbedded  toadstone  had  been  deposited  before  the 
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disruption  of  the  limestone  occurred.     The  bed  of  toadstone  being  once 
formed  across  a  vein,  there  would  be  little  chance  of  communication 

between  tin.'  vein  below  and  that  above,  unless  a  break  occurred,  for  the 
toadstone    is  an  impermeable  barrier  to  water;   but  when  broken  and 
faulted  there  would  be  a  continuation  of  the  vein  through  the  toadstone, 
and  equal  facility  for  the  formation  of  the  mineral  either  above  or  below 
the  bed  of  toadstone.     The  formation  of  beds  of  toadstone  between  the 
beds   of   limestone,   how,   when,  where  and  by   what  means  they   came 
there,  and  their  history,  is  a  knotty  geological  problem  ;  and  while  the 
balance  of  evidence  is  decidedly  in  favour  of  a  contemporaneous  deposit 
with    the   limestone,    yet  there  may  be  some  exceptional   cases  which 
support    the   intrusive    theory.     Probably    the   greater   part   was    con- 
temporaneous ;    and  there  may  be  intrusions  also.      AVhether  it  came 
from  one  huge  volcanic  neck  or  opening  having  subsidiary  necks  over 
a  wide  radius  round  the  same,  or  whether  it  came  up  from  a  number 
of   rents  at  various  parts  of  the  county,  is  a  problem  yet  to  be  solved. 
The  probability  of  a  number  of  rents  is  strongly  supported  by  some 
shafts  having  been  sunk  into  the  toadstone  and  not  bottomed,  whereas 
shafts   near   them   have   passed   through   the   bed  into   the   limestone 
below,   and  also  by  the  finding   of   toadstone  with  ash  and  pieces  of 
limestone,  indicating  a  pipe  or  rent  from  which  the  toadstone  came 
up.     The  number  of  beds  of  toadstone,  and  the  extent  of  their  flow  over 
the  county,  is  not  yet  settled.     There  may  be  three  beds,  or  more,  and 
their  thickness  varies,  as  might  be  expected  with  a  lava-flow,  probably 
upon  an  inclined  bed. 

The  Castleton  and  Hope  valley  is  upon  Yoredale  rocks  and  shales, 
or  more  probably  the  upper  stratum  consists  of  debris  from  the  wasting 
away  of  the  hills  surrounding  the  valley  to  the  north  ;  the  Mountain 
Limestone  dips  away  under  the  Yoredale  to  an  unknown  depth. 

There  is  a  small  strip  of  alluvium  or  river- gravel,  which  follows 
the  line  of  the  rivers  Noe  and  Derwent,  and  although  a  cursory  view 
of  the  Hope  valley  may  lead  us  to  think  that  the  lower  part  is  an 
alluvial  flat,  yet  it  is  more  likely  a  detritus-fan  from  the  Yoredale 
rocks  and  shales,  which  form  the  hills  to  the  north  of  the  valley. 

Minerals. 

Lead-Ore. — The  lead-ore  found  is  galena,  and  usually  occurs  in 
rake- veins  or  fissures  in  the  limestone  :  the  fissures  having  been  filled 
up  with  layers  of  calc-spar,  barytes  or  fluor-spar,  and  lead-ore,  such 
veins  by  their  appearance  convey  the  impression  that  they  have  been 
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deposited  layer  after  layer  upon  the  walls  of  the  fissure.  The  size  of 
the  veins  of  ore  and  mineral  varies  from  a  mere  thread  to  a  mass  of 
considerable  width.  The  smaller  veins  are  called  "  serins,'1  and  are 
the  least  productive  of  the  veins.  In  some  cases,  huge  caverns  are 
found,  having  the  walls  coated  with  dogtooth  spar  and  bunches  of 
crystallized  ore. 

The  veins  of  ore  are  not  confined  to  the  Mountain  Limestone,  but 
they  are  occasionally  found  in  the  Yoredale  shales  or,  traced  by  a  thread- 
like vein,  passing  through  toadstone,  and  some  miles  west  of  Castleton  a 
good  vein  of  lead-ore  was  found  passing  through  a  coal-seam. 

The  most  productive  veins  yet  discovered  are  those  found  in  the 
limestone  immediately  below  the  Yoredale  rocks  and  shales,  the  lower 
beds  of  limestone  not  being  good  ore -beds.  How  the  mineral  was 
deposited,  or  grew  on  the  walls  of  the  limestone-fissure,  whether  by 
an  aqueous  sedimentary  deposit,  or  an  upward  sublimatory  operation, 
is  a  question  left  for  the  study  of  the  mineralogist. 

Zinc-ore  (Sulphide  of  Zinc,  Blende,  Black-jack  or  Mock  Ore).— Zinc- 
ore  has  been  found  at  the  Pindale  mine,  a  little  to  the  east  of  Castleton. 
It  occurs  in  connexion  with  lead-ore,  and  is  not  worked  as  a  separate 
mineral.  In  appearance  it  is  very  similar  to  lead-ore,  especially  as  it 
leaves  the  crusher  or  mill,  but  from  its  specific  gravity,  being  about  half 
that  of  galena,  it  is  easily  separated  when  the  ore  is  washed.  It  is 
generally  understood  that  good  veins  of  lead- ore  and  zinc-ore  seldom 
occur  together. 

Barytes  (Sulphate  of  Baryta  or  "Cauk"). — This  mineral  is  found 
in  all  the  mines  about  Castleton,  and  in  many  cases  forms  the  coating 
of  the  vein  to  which  the  lead-ore  adheres.  In  olden  times,  this  mineral 
was  considered  worthless,  but  since  its  commercial  value  has  become 
known  many  of  the  spoil-heaps  have  been  worked  over  for  barytes 
alone. 

Iron-ore  (Bog  Iron-ore). — This  ore  exists  in  a  field  to  the  east  of 
the  Odin  mine,  but  is  of  no  commercial  value,  only  cabinet-specimens 
being  obtained. 

(  ',k-8par  (Calcite). — This  mineral,  like  barytes,  is  obtained  in 
connexion  with  lead-ore,  and  is  found  adhering  to  the  walls  of  the  veins. 
It  is  seldom  worked  as  a  separate  mineral,  and  the  quantity  now  found 
and  used  for  ornamental  purposes  is  obtained  from  the  hillocks  or 
heaps  at  old  lead-mines. 

Fluor-spar. — The  "Blue  John"  variety  of  fluor-spar  is  singular  to 
the    Castleton    district.      It   has    long   been    known   for   its   beautiful 
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concentric  layers  of  coloured  Bpar,  and  is  worked  only  at  the  Blue  John 
mine,  about  i  mile  aorth-west  of  Castleton,  where  bhe  quantity  raised  [g 
limited  to  a  maximum  of  8  tons  a  year.  The  whole  of  the  output  of 
the  mine  is  used  for  ornamental  purposes,  principally  trinkets  and  small 
vases.  It  is  of  varying  colour,  from  a  light  yellow  to  a  very  dark  purple, 
and  occasionally  specimens  are  ruby  red,  the  colour  in  some  cases  being 
altered  from  its  natural  state  by  firing,  which  changes  the  violet  purple 
of  the  mineral  into  a  red  or  reddish  purple.  It  is  found  associated 
with  barytes  and  arranged  in  concentric  layers  of  a  few  inches  thick, 
adhering  to  the  sides  of  the  caverns  and  walls  of  the  veins  in  the 
Mountain  Limestone-formation. 

Bitumen. — Both  the  elastic  and  the  hard  or  brittle  variety  of  bitumen 
are  found  in  a  limestone-quarry  a  little  to  the  west  of  the  Blue  John 
mine.  The  elastic  variety  is  a  soft,  sticky  mass,  found  between  broken 
pieces  of  limestone,  and  near  the  surface  of  the  field.  The  hard  or 
brittle  variety  is  found  in  short  sticks,  similar  in  size  and  shape  to  a 
lead-pencil,  but  not  quite  so  thick.  It  is  of  no  commercial  value,  but 
its  rarity  causes  it  to  be  sought  after  for  cabinet-specimens. 

Jasper. — Small  thin  veins  of  jasper  can  be  found  in  the  basaltic  rocks 
at  the  top  of  Cave  Dale,  at  the  back  of  the  castle.  It  is  only  sought 
after  as  a  cabinet  curiosity. 

Mining. 

The  singular  and  unique  mining  customs  of  the  High  Peak  of 
Derbyshire  have  from  time  immemorial  given  to  all  subjects  of  the 
realm  a  right  to  search  for,  sink  and  dig  mines,  for  working  lead-ore 
within  the  King's  Field,  upon  payment  of  certain  dues  to  the  Crown.  In 
ancient  times,  lead  was  necessary  for  the  defence  of  the  country,  there- 
fore the  Crown  reserved  the  right  of  working  lead  under  the  Crown  lands 
of  the  Peak,  and  encouraged  miners  to  get  the  ore  by  rights  and  privi- 
leges of  an  unusual  character.  The  ancient  laws,  customs  and  duties 
were  embodied  in  an  Act  of  Parliament  in  1851,  and  secured  to  the 
miners  of  the  Peak  their  old  privileges.  Such  ancient  laws  were,  no 
doubt,  an  enlargement  of  the  Roman  laws,  which  would  be  in  force  when 
the  Romans  mined  for  lead-ore. 

It  is  lawful  for  all  the  subjects  of  the  realm  to  search  for,  sink  and 
dig  mines  or  veins  of  lead-ore  upon,  in  or  under  all  manner  of  lands 
whose  inheritance  soever  they  may  be,  except  churchyards,  orchards  and 
gardens.  The  miner  can  enter  upon  any  person's  land  without  asking  per- 
mission, he  can  commence  to  sink  or  cut  out  the  vein,  and  upon  payment 
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of  a  dish  of  ore  (about  15  pints)  to  the  Barmaster,  he  frees  the  mine 
and  is  entitled  to  the  exclusive  use  of  so  much  surface-land  as  shall  be 
thought  necessary  for  laying  the  rubbish,  dressing  the  ore  and  for  other 
mining  purposes.  He  shall  also  have  a  cart-road  from  the  nearest  high- 
way to  the  mine,  and  access  to  the  nearest  stream  or  spring  of  water,  and 
for  all  this  he  makes  no  payment  or  compensation  to  the  occupier  or 
owner  of  the  soil  :  probably  no  cheaper  mode  of  obtaining  a  mine  can 
be  found  in  the  kingdom.  The  landowner,  however,  does  receive  com- 
pensation, for  he  can  take  away  from  the  mine  and  sell,  all  minerals 
other  than  lead- ore,  without  any  payment  to  the  miner. 

A  full  account  of  the  mining  customs,  with  other  information 
respecting  the  mines  and  mode  of  working,  will  be  found  in  a  paper 
read  before  the  Chesterfield  and  Derbyshire  Institute  of  Mining- 
Engineers,*  and  a  supplementary  paper.j 

There  are  no  lead-mines  now  at  work  at  Castleton ;  all  are  standing, 
their  white  hillocks  or  spoil-heaps  testifying  to  bye-gone  days  of 
prosperity. 

The  entrance  to  a  mine  is  usually  by  a  number  of  shafts  and  levels. 
The  shafts  are  not  always  vertical,  but  may  follow  the  hade  of  the 
vein,  and  there  is  generaUy  a  shaft  from  one  level  to  the  other.  The 
ore  is  drawn  up  a  shaft  to  the  surface  by  horse-gins  or  a  jack-roll 
worked  by  hand,  such  shaft  being  vertical  and  common  to  all  the  levels. 
The  mode  of  proceeding  to  work  is  by  means  of  the  climbing  shafts, 
which  may  have  either  ladders  fixed  in  the  shaft,  generally  vertical, 
or  a  number  of  stays  or  stemples  fixed  across  the  shaft,  and  between 
which  the  miners  straddle  from  one  stemple  to  the  other,  holding  by 
the  hands  to  the  stemples  from  which  their  feet  have  been  removed  ; 
and  thus  having  descended  one  shaft  for  a  few  feet,  the  miner  travels 
along  a  level  a  short  distance,  and  then  down  a  similar  shaft  to  another 
level,  and  so  on  to  the  bottom  level. 

As  the  vein  is  cut  out,  the  roof  of  the  level  or  roadway  is  formed 
by  the  insertion  of  strong  bars  from  one  side  of  the  limestone-wall 
to  the  other,  forming  a  strut  across  the  vein.  Such  bars,  called 
w-  l)anniii^s/1  are  "slabbed"  over,  and  then  the  "deads"  or  waste  are 
thrown  on  the  top.  Tn  a  large  mine,  the  stoops  are  carried  forward  at 
different  heights,  the  upper  one  in  advance,  and  so  on  to  the  lowest 
stoop  or  level. 

The  finding  of  pigs  of  lead  with  Roman  inscriptions,  and  the  name 
of  some  of  the  mines,  points  to  the  antiquity  of  lead-mining  in  Derby- 

*  Trans.,  vol.  viiL,  page  67.  t  Ibid.,  vol.  ix.,  page  306. 
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shire,  and  probably  the  lead-mines  in  Derbyshire  were  bhe  first  worked 
in  Britain.  One  of  the  pigs  of  lead  found  bears  an  inscription  dating 
between  1 17  and  188  a.d.,  and  a  further  proof  of  the  antiquity  of  mining 
in  the  district  can  be  recognized  by  the  "firing"  indications  which  are 
found  in  the  old  workings.  It  was  the  only  way  that  the  miners  had 
of  getting  the  ore  before  the  introduction  of  gunpowder,  which  probably 
did  not.  reach  Derbyshire  until  after  1636. 

Oil  in  Mine. — The  Odin  mine  lies  1  mile  north-west  of  Castleton, 
and  is  mentioned  in  Domesday  Book  as  one  of  the  mines  in  Derbyshire. 
It  was  at  work  in  178:5,  and  was  considered  a  rich  mine,  employing 
about  100  workpeople.  It  yielded  both  lead  and  barytes.  At  whatever 
time  the  mine  was  commenced,  it  is  certain,  from  the  present  appear- 
ance of  the  abandoned  workings,  that  it  was  at  one  time  of  great 
importance.  The  vein  has  been  cut  out  to  the  surface,  but  a  shaft  was 
sunk  on  the  east  of  the  roadway.  This  shaft  is  stated  to  be  about  300 
feet  deep,  and  a  wTater-level  or  adit  was  driven  from  Castleton  to 
mi  water  the  mine. 

Pindale  Mine. — This  mine,  situated  about  1  mile  east  of  Castleton, 
has  been  recently  worked,  but  is  now  standing.  Both  lead-ore  and 
zinc-ore  (calamine  or  black-jack  ore)  were  got  from  the  mine,  and  it  is 
interesting  as  being  a  mine  in  which  ore  was  found  in  the  toadstone. 

Caves  or  Cavern*. — There  is  no  lack  of  magnificence  or  variety  in  the 
caverns  of  the  Castleton  district,  and  within  a  radius  of  about  1  mile  from 
the  centre  of  the  village  the  visitor  can  see  both  natural  and  worked 
caverns  of  large  extent.  How  these  caverns  came  to  be  formed  is  a  ques- 
tion which  may  be  answered  by  a  study  of  the  geology  of  the  district. 
Owing  to  natural  dislocations  and  distortions  of  the  limestone,  there 
are  numerous  breaks  and  fissures  from  the  surface  downwards,  some 
now  filled  up  and  forming  lead-veins,  others  open,  down  which  the 
natural  drainage  of  the  surface-land  descends  and  is  lost  to  view : 
Bnch  holes  at  the  surface  are  termed  "swallows,"  and  a  number 
of  these  are  to  be  found  west  and  south  of  Castleton.  In  some 
ses,  a  considerable  stream  of  water  disappears  suddenly  down  one 
of  these  Bwallows,  and  after  passing  by  tortuous  subterranean  passages 
it  issues  from  a  hole  or  fissure  in  the  limestone,  at  a  lower  level,  some 
miles  away.  Such  water  may  be  more  or  less  charged  with  carbonic  or 
other  acid,  which  would  have  a  erosive  action  upon  limestone,  and  if 
the  water  was  made  to  pass  along  one  of  the  natural  breaks  in  the  lime- 
stone, it  might  in  time  eat  away  the  limestone  rock  and  enlarge  its  area  of 
uassage  until  the  cleft  was  able  to  take  a  considerable  stream.     In  some 
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cases,  the  limestone-walls  seem  to  offer  a  stubborn  resistance  to  the  action 
of  water,  whereas  at  other  points  the  water  appears  to  have  met  with 
limestone  more  readily  attacked  by  the  acid  solution  and  easily  giving 
way  to  its  solvent  action.  At  such  a  point  an  enlarged  space  occurs, 
where,  after  ages  of  corrosion,  a  cavern  is  formed,  whose  waters  are  more 
or  less  constantly  agitated  by  the  inrush  of  water  which  washes  away  the 
walls  until  man,  in  search  of  minerals,  lets  loose  or  diverts  the  impounded 
water,  and  a  cavern  is  discovered,  to  become  the  show-place  of  the 
district. 

Peak  Cavern  and  the  Blue  John  mine  are  the  principal  caverns. 
They  have  been  so  often  and  so  minutely  described  in  guide-books  that 
little  new  can  be  said  of  them,  and  a  visit  will  convey  more  than  words 
can  express.  The  water  now  flowing  through  the  Speedwell  level  into 
the  Peak  Cavern  and  out  below  the  castle  is  supposed  to  come  from  the 
swallows  at  Sparrow  pit,  2  miles  south-west  of  Castleton,  for  when 
the  mines  were  working  at  Sparrow  pit,  the  water  flowing  from  the 
mouth  of  Peak  Cavern  bore  indications  of  mining  operations.  Hence  we 
have  caverns  natural  and  caverns  artificial,  the  natural  ones  formed  by 
the  action  of  water  passing  through  a  broken  up  limestone,  and  the 
artificial  portions  made  by  the  miners  in  their  search  for  lead-ore. 

Speedwell  Level. — This  level  is  entered  by  an  opening  at  the  foot  of 
the  Winnats.  The  level  was  driven  to  unwater  the  mines  to  the  south- 
west, and  according  to  old  records  was  driven  at  the  rate  of  6  feet  per 
week  at  a  cost  of  Ifis.  8d.  per  foot.  It  took  some  years  to  complete,  and 
after  reaching  a  distance  of  2,250  feet  from  the  entrance  it  cut  into  an 
enormous  cavern,  which  is  now  the  centre  of  attraction  to  visitors.  The 
size  of  this  cavern  has  not  been  ascertained,  but  some  idea  of  its  depth 
may  be  formed,  for  it  is  reported  that  the  level  was  driven  1,800  feet 
beyond  the  cavern,  and  the  rubbish  thrown  into  the  chasm  without 
producing  any  visible  effect. 

The  first  part  of  the  level  and  cavern  is  now  used  as  a  show- place. 
Visitors  at  the  entrance  get  into  a  boat,  and  are  poled  along  the 
water  of  the  level  until  they  arrive  at  the  opening  to  the  cavern,  where 
they  alight,  and,  standing  upon  a  stage,  look  upon  the  water  of  the 
level  rushing  with  an  awful  roar  into  the  dark  abyss  below. 

The  driving  of  the  level  by  pick  and  wedge,  and  so  very  straight,  in 
hard  limestone  is  well  worth  noting  by  mine  managers,  who  find  consider- 
able difficulty  in  getting  a  few  feet  of  heading,  in  a  comparatively  soft 
mineral  like  coal,  driven  without  losing  the  sight-lines,  or  a  liberal 
auiouut  of  "  cheeking  ":  to  keep  them  anything  like  straight* 
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Lead  Feins.— The  veins  of  lead-ore  are  of  various  widths  and  inclina- 
tion. They  appear  to  be  cracks  or  breaks  in  the  limestone,  which  have 
been  filled  up  by  mineral  deposit,  commencing  on  each  side  until  meeting 
in  the  middle  the  whole  becomes  a  solid  mass  of  calc-spar,  barytes  and 
lead-ore.  The  lead  may  form  a  continuous  thin  layer;  or  it  may  appear 
in  isolated  patches  indiscriminately  scattered  through  the  mass  of  spar 
or  barytes  ;  or  where  the  vein  is  large  and  open  the  lead  may  be  found 
adhering  to  the  sides  in  crystals  and  bunches  of  ore,  as  in  cavernous 
openings  ;  or  it  may  be  found  in  patches  mixed  up  with  calc-spar, 
barytes  and  pieces  of  limestone,  the  whole  having  the  appearance  of  a 
broken  up  mass  of  mineral  fallen  down,  and  afterwards  cemented  together 
by  a  calcareous  deposit. 

Wherever  the  veins  are  found  and  of  whatever  description,  either 
rake-veins,  pipe-veins  or  flats,  they  appear  to  be  the  filling  up  of  joints, 
cracks,  or  dislocations  in  the  limestone,  which  may  or  may  not  have 
been  enlarged  by  a  flow  of  water  before  the  mineral  deposit  commenced 
to  form  on  the  walls.  Rake-veins  are  usually  nearly  vertical  and 
similar  to  a  fault  in  the  Coal-measures.  Pipe-veins  or  pipe-like  enlarge- 
ments are  met  with  in  rake-veins,  and  flat-veins  or  veins  of  alternating 
width  between  the  beds  of  limestone  are  the  filling  up  of  waterworn 
cavities. 

When  the  veins  are  marked  upon  a  plan  there  is  a  certain  similarity 
of  direction  observed,  Jbut  this  is  little  guide  to  their  continuation  or 
productiveness,  neither  is  the  nature  of  the  limestone  of  much  use  as  a 
guide  to  productive  veins,  and  the  only  sure  method  is  that  of  actual 
exploration  by  mining. 

The  mode  of  working  the  lead-mines,  and  the  washing  and  dressing 
the  ore  are  fully  described  in  a  paper,  "  Lead  and  Lead- mining,"  pub- 
lished in  the  Transactions  of  the  Chesterfield  and  Derbyshire  Institute  of 
Mining  Engineers,  and  those  who  wish  to  study  the  question  are  referred 
to  that  paper  for  a  full  description  of  lead-mining  in  Derbyshire.* 

Conclusion. 

The  mining  history  of  Castleton  is  a  record  of  past  glories,  of  work 
commenced  under  crude  conditions  and  involving  much  physical  labour 
to  obtain  what  was  then  absolutely  necessary  for  the  defence  of  the 
country,  as  well  as  for  the  domestic  comfort  of  its  inhabitants  and  the 
protection  of  its  buildings.  The  struggles  of  the  miners  to  retain  their 
immemorial  rights,  and  the  hard  labour  of  the  mining  operations,  are  a 

Trans. t  vol.  viii,  page  67  ;  and  vol.  ix.,  page  S06. 
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record  of  unwearied  tenacity  well  worthy  of  a  race  of  men  who  have 
been  branded  as  "strong  in  the  arm,  but  weak  in  the  head,"  whose 
dogged  determination  to  wrest  the  ore  from  nature's  grasp,  and  at  the 
same  time  exercise  their  rights  to  "  dig  and  delve  "  in  any  part  of  the 
King's  Field,  proves  that  their  arm  was  without  doubt  strong  and  their 
will  not  less  so.  Their  success  in  holding  to  the  present  day  their  rights, 
now  confirmed  by  Act  of  Parliament,  is  a  proof  that  their  brain-power 
was  strong  enough  to  retain  what  had  been  handed  down  to  them  by 
their  forefathers,  and  eventually  to  persuade  the  intelligence  of  the 
legislature  to  grant  them  an  Act,  an  operation  which  men  of  greater 
mental  culture  have  occasionally  failed  in  carrying  through  successfully. 
Lead- ore  may  still  exist  at  greater  depths,  but  until  it  commands  a 
higher  price  in  the  market,  and  modern  machinery  is  erected,  it  is 
probable  that  Castleton  will  remain  a  place  of  holiday-resort  for  the 
pleasure-seeker,  of  study  for  the  archaeologist,  and  a  monument  to  the 
miner's  first  operations  in  the  Peak  district  of  Derbyshire. 


The  Chairman  moved  a  vote  of  thanks  to  Mr.  Stokes  for  his  paper, 
and  the  resolution  was  cordially  approved. 


Mr.  J.  A.  Jones'  paper  on  "The  Devonian  Iron-ores  of  Asturias, 
Spain,"  was  taken  as  read,  as  follows  : — 
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THE  DEVONIAN  IRON-ORES  OF  ASTURIAS,  SPAIN. 


By  J.  A.   JONES. 


Geographical  Position. 

The  principality  of  Asturias  is  situated  in  the  north  of  Spain,  having 
the  Bay  of  Biscay  for  its  northern  boundary  ;  on  the  east  it  adjoins  the 
province  of  Santander  ;  on  the  west  it  has  the  province  of  Lugo,  and  on 
the  south  the  province  of  Leon.  Its  boundary-line  on  the  east  and 
south  is  carried  along  the  top  of  the  Cantabrian  range  of  mountains, 
which  forms  a  barrier,  separating  it  from  the  rest  of  Spain.  Com- 
munication is  carried  on  by  roads  through  the  various  passes  between 
the  peaks,  and  by  the  present  single  line  of  railway.  The  highest  peak 
lias  an  altitude  of  8,464  feet. 

The  topographical  features  comprise  hills  and  valleys,  with  but  little 
level  ground  throughout.  The  greater  portion  is  well  wooded,  the 
eastern  and  southern  heights  being  covered  with  beech  and  oak  ;  the 
western  portion  with  pine  forests  ;  the  valleys  with  apple,  pear  and 
hazel  ;  and  the  lower  reaches  of  the  hills  and  mountains  with  groves  of 
chestnut. 

The  climate  is  temperate  near  the  coast,  but  subject  to  increased 
variation  up  the  mountain-sides,  ranging  in  the  former  from  4G°  in 
winter  to  80°  Fahr.  in  summer,  and  in  the  latter  from  21°  to  97°  Fahr. 

There  are  five  general  river-courses  with  deep- cut  beds,  which  drain 
the  whole  system  effectually.  Three  of  these  have  important  estuaries, 
but  they  are  heavily  silted  by  the  sand  carried  down.  Nothing  has  been 
done  to  keep  clear  channels  in  them  ;  they  are,  therefore,  ill  adapted  for 
sea-ports. 

The  coast-line  is  indented,  and  the  jutting  capes  shelter  the  coves 
from  the  Atlantic  swell,  which  is  heavy  during  westerly  winds.  The 
prevailing  winds  on  the  coast  are  north-easterly  during  spring,  summer 
and  autumn,  and  westerly  to  northerly  during  the  winter  months.  The 
latter  are  the  only  winds  that  produce  rough  seas. 

The  shipping  ports  along  the  coast  are,  taking  them  from  east  to 
west : — Tina  Mayor,  where  the  calamine  from  the  Picos  de  Europa  is 
shipped.  Llanes,  a  small  port  with  a  little  traffic  in  the  shipment  of  bricks 
apd  tiles.    Rivadesella,  on  the  estuary  of  the  river  Sella.    Gijon,  the  port 
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of  greatest  importance,  a  tidal  harbour,  where  the  shipment  of  coal  from 
the  extensive  coal-fields  of  Asturias  is  effected  ;  here  also  the  product  of 
the  various  steel  and  iron-works  is  shipped,  and  pit-props  for  the  mines 
and  iron- ore  for  the  works  are  imported ;  and  in  addition  there  is  a  large 
importation  of  grain,  and  timber  from  the  Baltic.  A  direct  line  of 
Liverpool  steamers  calls  at  Gijon  every  10  days,  and  another  line  of 
Antwerp  boats  fortnightly.  Aviles  is  a  good  port  where  coal  is  also 
shipped,  and  pitch  for  briquette-fuel,  timber,  grain,  etc.,  are  imported. 
Luarca,  a  small  sea-port,  with  shipments  of  pine-props  for  colliery  uses. 
Navia,  a  small  port  in  the  estuary  of  the  river  of  the  same  name,  like 
the  former,  a  loading  port  for  pine-props.  And  Tapia,  a  shipping  port 
for  pine-props  and  iron-ore  from  the  mines  in  the  Porcia  district,  which 
will  be  referred  to  below. 

Geological  Features  (Plate  IX). 
Asturias  has  been  the  field  of  numerous  seismic  movements,  and 
there  are  many  geological  formations  in  view  to-day.     Without  taking 
into  account  the  various  patches  of  diorite  and  other  eruptive  rocks,  the 
formations  may  be  recorded  as  shown  in  Table  I. 

Table  I. — Geological  Formations  of  Asturias. 


Formation. 

Area. 
Sq.  Miles. 

Minerals  Contained. 

Silurian  (a)  ... 

1,450 

Auriferous  quartz,  molybdenum,  and  antimony. 

Devonian 

750 

Iron-ores,  copper  and  mundic. 

Rich  Carboniferous(/;) 

650 

Coal  and  fire-clay. 

Poor    Carboniferous 

800 

Copper  carbonates  (c),  manganese  {d),  calamine, 

and  Permian 

and  blende. 

Trias 

150 

One  salt-spring  known  (but  not  worked),  and 
gypsum. 

Jurassic  and  Oolite 

150 

Jet  (e),  and  thin  beds  of  lignite. 

Cretaceous  (/) 

160 

Gypsum  and  some  irregular  beds  of  limonite,  con- 
taminated with  iron-pyrites,  and  of  no  value. 

Eocene  (</)    ... 

12 

Sterile. 

Recent  (/<)    ... 

80 

The    western    portion    of    the    province    holds 

alluvial  gold. 

(a)  A  part  of  this  formation  is  the  older  Cambrian  Series,  as  is  proved  by  the  presence  of  chiastolite 
crystals,  met  with  in  the  rocks  of  a  portion  of  the  river  Navia  accompanying  semi-crystalline  schists,  at 
about  16  miles  from  its  mouth. 

(6)  This  formation  comprises  every  description  of  coal  from  anthracite  to  gas  coal. 

(c)  The  copper  carbonates  are  poor,  and  assay  from  J  to  4  per  cent,  of  copper. 

id)  The  mancanese  is  met  with  in  lodes  and  pockets.  Overlying  a  portion  of  this  formation  at 
CovadoDga,  there  is  a  vast  bed  of  boulder-clay,  due  to  glacier  action,  with  a  thick  bed  of  manganese  at 
the  base  at  present  being  worked,  assaying  is  follows:  -Manganese  Besqniozide,  Mn  ().;,  (>2't0;  man 
ganous  oxide,  MnO  3111;  ferric  oxide,  Fe..()3,  202;  alumina,  Al,();,  0'45|  lime  or  calcic  oxide,  OaO, 
066;  magnesia,  MgO,  0  27  ;  sulphur,  S,  004:  phosphorus.  P,  0  05:  silica.  SiO,,  0  70:  water,  H,0,  2  10. 

(c)  The  jet  has  been  extensively  worked,  and  shipped  to  Great  Britain  to  supply  the  manufacturers 
at  Whitby  with  the  raw  material,  their  product  being  put  on  the  mirket  as  produced  from  ''real 
Whitby  jet,"  thus  proving  that  the  quality  is  identical. 

(/)  The  Cretaceous  formation  is  well  represented  by  its  Lower  Qreensand,  with  A  ncyloceru*,  Perm 
Mulleti,  and  Nautilus  pi i ca tut.  In  another  portion  of  the  formation,  the  layer  of  flints  proves  the 
existence  of  Lower  Chalk,  although  in  the  series  no  chalk  (white  earthy  carbonate  of  lime)  is  found. 

Ui)  This  formation  is  represented  by  a  bed  of  Nummulitic  Limestone,  composed  of  an  almost 
compact  mass  of  nummulites. 

(fe)  Thi£  formation  is  limited,  and  consists  of  the  detritus  of  the  respective  formations  whereon  it 
rests.    The  bed  and  banks  of  the  river  Navia  and  its  tributaries  hold  gold. 
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The  superficial  area  of  the  principality  approximately  is  4,202  square 
miles. 

A.8  the  object  of  the  present  paper  is  to  to  examine  only  one  of  the 
series,  in  so  far  as  it  concerns  its  iron-ore  deposits,  it  would  be  out  of 
place  to  detail  the  geological  subdivisions  of  the  various  series,  and 
B  cursory  outline  is  considered  to  be  sufficient.  It  may,  however,  be 
stated  that  here  is  a  field  for  the  geologist,  since  such  work  as  has 
been  done  by  those  who  have  gone  before  is  very  limited  and  full  of 
errors,  which  meet  one  at  every  step. 

It  may  be  premised  that  the  province  is  made  up  of  vast  synclinals 
aud  anticlinals,  with  here  and  there  heavy  foldings,  the  average  dip  on 
either  side  of  these  being  about  30  degrees  from  the  horizon. 


The  Devonian   Iron-ores. 

These  iron-ores  have  been  made  the  object  of  careful  study,  as  they 
form  from  50  to  65  per  cent,  of  the  consumption  of  the  blast-furnaces  of 
the  province.  The  deposits  are  in  part  owned  and  worked  by  the 
companies  noted  in  Table  II.,  which  also  records  their  make  during 
1898. 

Table  II. — List  of  Iron- works. 


Name. 

Production. 

Remarks 

Pig-iron. 

Siemens- 
Martin 
Steel. 

Finished 
Iron. 

Mieres  Iron-works 

Felguera  Iron  and 
Steel-works 

Moreda  and  Gijon 

Tons. 

17,478 
18,130 

20,000 

Tons. 
5,480 

11,193 

Tons. 

14,562 
14,379 

9,100 

The  steel  consists  of  plates  and 
angles,  and  the  finished  iron  com- 
prizes plates,  bars,  angle-iron  and 
hoop-iron. 

The  steel  consists  of  plates  for  ship- 
building and  other  purposes, 
angles  and  bars,  and  the  finished 
iron  of  plates,  angles,  merchant 
iron  and  hoop-iron. 

The  finished  iron  is  a  small  portion 
of  merchant  iron  and  angles  of 
small  section,  the  greater  portion 
being  wire  of  various  dimensions, 
for  the  most  part  drawn,  and 
worked  up  into  wire  nails,  54 
machines  being  used  for  this 
purpose. 

The  ores  vary  in  iron  content  from  38  to  50  per  cent.,  as  some 
portions  of  the  beds  are  richer  than  the  others.  An  assay  of  the  best  is 
as  follows  :  — 
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Per  Cent. 

Peroxide  of  iron          ...         ...          ...  ...  ...  64-24* 

Protoxide  of  iron        ...          ...          ...  ...  ...  7  "42* 

Peroxide  of  manganese         ...         ...  ...  ...  0*95 

Alumina           ...         ...         ...         ...  ...  ...  3*65 

Lime      ...         ...          ...          ...          ...  ...  ...  160 

Phosphoric  acid           ...          ...         ...  ...  ...  1  *28t 

Combined  water  and  carbonic  acid  ...  ...  3  10 

Insoluble  residue        ...          ...          ...  ...  ...  16*20 

'  Containing  50'98  per  cent,  of  metallic  iron.  t  Equivalent  to  0'56  per  cent,  of  phosphorus. 

The  poorest  ore  has  its  deficiency  in  percentage  of  iron  made  up  by 
an  increase  in  that  of  silica,  without  altering  to  any  important  degree 
the  remaining  constituents  of  the  ore. 

Mode  of  Occurrence  of  the  Iron-ore.— With  the  exception  of  one 
district  (that  of  Bayo,  which  will  be  noted  later),  the  iron-ore  is  found 
in  regular  beds  in  concordance  with  the  encasing  strata.  These  beds 
may  be  considered  as  original  sand -beaches  impregnated  by  and  cemented 
with  iron  peroxide.  The  abundant  fauna  contained  in  them  throughout, 
comprised  of  Annelidce  and  iSpiriferidce,  indicates  their  formation  in 
shallow  salt-water  lakes.  The  iion  impregnation  would  result  from  the 
abundance  of  iron  in  the  state  of  peroxide  in  the  soil  and  existing  rocks 
of  the  period.  The  iron  in  the  presence  of  decaying  organic  matter  would 
be  dissolved  out  in  the  state  of  soluble  protoxide,  which,  charging  the 
drainage-water,  would  find  its  way  to  the  lake.  In  its  movement  it 
would  absorb  oxygen,  and  the  metal  as  a  consequence  would  be  precipi- 
tated as  hydrated  peroxide,  and  this  action  would  be  continuous  so  long 
as  iron  was  left  in  the  rocks  and  soil.  When  the  iron  had  been  removed, 
the  demolishing  action  of  air  and  water  would  continue  upon  these  rocks 
and  soils  denuded  of  their  iron,  carrying  the  finely  divided  material  to 
the  lake  to  form  the  clay-slates  that  to-day  encase  the  beds.  That  the 
iron  had  been  removed  from  them  is  prove  1  by  assay,  or  even  by  simply 
calcining  them,  when  they  yield  a  grey  residue  without  iron  coloration. 

To  permit  this  continuous  action  over  vast  intervals  of  time  it  must 
be  supposed  that  this  lake  would  be  situated  at  such  an  elevation  above 
the  ocean  of  the  period  as  to  be  beyond  the  reach  of  the  enormous 
oceanic  tides,  due  to  the  proximity  of  the  moon  to  the  earth. 

The  workable  beds  of  iron-ore  are  set  forth  in  Table  III. 

The  lower  bed  rests  also  on  slate,  and  the  upper  one  has  a  covering 
of  the  same  rock — the  former  bluish,  the  latter  yellow.  In  concordance 
with  these  beds  comes  the  Old  Red  Sandstone  of  great  thickness  and 
perfectly  regular  in  its  lie. 

Such  are  the  general    characteristics    throughout  the  series,  which 
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Table  III.— Ikon-ore  Beds. 


N... 

Strata. 

Thickness. 

1 

2 
3 

Lower  Iron-ore    ... 
Clay-slate... 
Middle  Iron-ore  ... 
Clay-slate... 
Upper  Iron-ore    ... 

Ft.  Ins.              Ft.   Ins. 

4  11  to  9  9 
19     0    to    100     0 

3  7  to  6  6 
28     0    to    196     0 

3     0 

extends  from  the  coast  of  the  Bay  of  Biscay  southward  through  the 
province  and  into  that  of  Leon,  a  total  distance  of  91  miles,  with  a 
width  over  the  surface  of  nearly  18  miles.  If  the  several  anticlihals  and 
synclinals  be  considered,  it  may  be  estimated  that  the  width  of  this 
Devonian  lake  was  approximately  100  miles,  and  its  area  would  be  about 
9,100  square  miles. 

Leaving  out  of  calculation  the  portions  of  these  beds  that  are  not 
within  easy  reach  of  existing  ports — of  the  coast  where  loading-stages 
may  be  erected,  or  railways  within  a  reasonable  distance  of  sea-ports — it 
is  well  to  consider  those  portions  that  meet  export-requirements.  For 
the  purpose  of  examination,  the  deposits  may  be  grouped  as  follows  :  — 


.No 

District. 

Nearest  Port. 

Remarks. 

1. 

Cancienes  and  Moileda  ... 

Aviles  . . . 

2, 

Candas 

—    ...     I 

Shipping  facilities  have  to  be 

3. 

Naveces 

-  - 

created   for  these  deposits, 

4. 

Llumeres     ... 

-  ...  ) 

as  none  exist  at  present. 

5. 

Carreno 

Giion  ... 

... 

1.  Cancienes  and  Moileda. — Here  there  is  a  railway-station.  The 
transport  of  iron-ore  by  rail  to  the  ship's  side  in  the  port  of  Aviles  costs 
1  peseta~8  centimos  per  1,000  kilogrammes.  From  Gijon,  it  is  distant 
29  kilometres  (18  miles),  and  transport  costs  2  pesetas  75  centimos  per 
ton.* 

Within  a  distance  of  2  kilometres  (l£  miles)  from  the  station  there 
are  some  mines,  working  the  outcrops  of  the  veins  near  the  top  of  the 
hills  along  which  they  run  (these  hills  form  the  anticlinal  line,  with 
denuded  apex,  so  that  the  ore-veins  run  on  the  opposite  sides).  The  ore 
averages  45  per  cent,  of  iron,  and  is  delivered  to  the  Moreda  and  Mieres 
works.  It  is  conveyed  to  the  station  by  bullock-carts,  which  take  about 
18  cwts.  at  a  time.  k.i  the  station  there  is  no  facility  for  loading,  so  that 
the  carts  have  to  be  dumped  on  a  level  with  the  rail,  and  the  ore  shovelled 
into  trucks.    It  is  sold,  put  on  truck,  at  5  pesetas  per  ton.    With  a  capital 

*  Exchange  varies   greatly  :    from  30   to    55   pesetas    are  equal  to  £1,   and  a 
peseta  contains  100  centimos. 
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outlay  of  £1,500,  to  open  up  the  mines,  construction  of  a  tramway  to 
station,  and  a  loading-berth,  to  permit  the  tipping  direct  into  trucks, 
the  ore  produced  could  be  put  on  board  steamer  in  the  port  of  Aviles  at 
a  cost  (including  amortization)  of  4  pesetas  50  centimos  per  ton.  The 
veins  extend  over  a  length  of  3  kilometres  (1*8  miles),  and  there  are 
three  parallel  veins  of  1  metre  (40  inches)  each,  and  260  feet  of  backs  can 
be  opened  by  adit-levels,  to  yield  after  allowing  for  wastage  2,116,800 
tons  of  ore. 

At  Molleda,  on  the  opposite  side  of  the  hills  to  the  Cancienes  mines 
the  veins  are  thicker.  One  mine  has  been  extensively  worked  on  the  out- 
crop. The  vein  worked  has  a  thickness  of  6  feet  6  inches,  with  a  dip  of 
40  degrees  from  the  vertical,  yielding  ore  averaging  48  per  cent,  of  iron. 
It  can  be  opened  by  adit  to  have  backs  of  360  feet,  exposing  in  that 
vein  alone  308,000  tons.  In  addition,  two  other  veins  of  1  metre  (40 
inches)  and  1*10  metres  (43  inches),  to-day  intact,  would  be  opened, 
more  than  duplicating  the  tonnage  to  be  worked.  This  ore  would  cost, 
free  on  board  in  Aviles,  4  pesetas  50  centimos  per  ton. 

2.  Candas. — This,  as  it  exists  to-day,  is  a  small  fishing  port  on  an 
indentation  of  the  coast,  sheltered  by  a  cape,  with  deep  water  at  its 
foot  on  the  sheltered  side.     Its  chart  is  shown  in  Fig.  2  (Plate  X.). 

Here  the  seams  have  their  greatest  development  throughout  the 
series,  as  there  has  been  extensive  denudation  of  the  saddle  of  the  anti- 
clinal, and  numerous  outcrops  are  developed  on  the  lateral  sides.  The 
whole  district  has  been  pegged  out,  but  only  one  mine  is  now  working. 
The  tops  of  the  seams  in  many  places  have  been  exposed  by  exploratory 
workings  carried  on  many  years  ago.  Assays  of  samples  taken  from 
the  beds  gave  the  results  recorded  in  Table  IV. 

Table  IV. — Iron-ores  of  Candas. 


Name  of  Mine. 

Thickness  of  Seams 
Exposed. 

Iron 
Contents. 

Distant  from  Caudas. 

Metres. 

Ft.  Ins. 

Per  Cent. 

Feet. 

Marina  2"       

1-10 

3    7 

37'85 

Adjoining. 

Marina  3a        

1-10 

3    7 

36-30 

7,2nO 

Lo  Preciso 

2-00 

6    7 

45-31 

4,000 

,, 

0-80 

2     8 

49-95 

0-80 

2     8 

36-30 

Marina  41 

1-00 

3     4 

54-84 

8,250 

Riestra 

1-00 

3     4 

52-80 

8,000 

Regueral 

1-22 

4     0 

47-43 

11,000 

At  Marina  2a,  the  percentage  is  too  low  for  the  ore  to  be  worked  for 
the  present.  The  cost  of  the  ore  put,  on  board,  if  once  facilities  were 
created  in  Candas,  would  be  2  pesetas  80  centimos  per  ton. 
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At  Lo  Preciso,  there  are  several  old  workings  on  the  outcrops  of  the 
veins,  ami  with  ;i  suitable  capital  outlay  for  dead  work  and  tramway, 
||JS,000  tons  of  ore  could  be  worked,  costing  3  pesetas  6()  centimos  per 
ton  on  Bhip-board  in  Candas. 

At  Marina  4*,  a  large  quantity  of  ore  was  worked  from  one  of  the 
wins  some  20  years  ago.  Since  then  nothing  has  been  done.  The  veins 
dip  at  10  degrees  from  the  vertical,  with  strong  slate  walls.  A  tramway 
to  Candas  would  have  a  length  of  about  8,000  feet.  If  a  tramway  be 
laid  from  the  Regueral  mine  to  Candas,  it  would  pass  through  this  mine 
and  serve  it  also.  The  mine  must  be  reopened  by  adit  to  get  into  virgin 
ground,  as  the  old  stopes  are  choked  by  the  fallen  side-walls.  Above 
adit -level,  there  are  537,000  tons  of  ore  to  be  worked. 

The  observations  respecting  Marina  4il  apply  also  to  the  Riestra 
mine,  which  is  located  on  the  same  run  of  veins. 

The  Regueral  mine  is  at  work,  the  ore  being  sold  to  the  Moreda 
works.  It  is  carted  from  the  mine  to  the  Verifia  railway  station 
(distance,  10  kilometres,  or  6'2  miles),  there  loaded  on  to  trucks  and 
railed  to  the  works  (distance,  5  kilometres,  or  3'1  miles).  The  working 
is  carried  in  the  vein  to  right  and  left,  with  a  stope  of  6  metres  (20 
feet).  The  encasing  rock  is  a  strong  bluish  slate  that  stands  well, 
requiring  but  little  timber.  There  are  pine -forests  in  the  vicinity,  and 
timber  is  cheap.  A  vertical  section  of  the  workings  is  shown  in  Fig  3 
(Plate  X.).  The  tramming  of  the  ore  from  the  workings  to  where  it 
is  dumped  for  the  carts  is  done  by  various  movements,  owing  to  the 
following  causes  :  —The  lower  adit  was  started  alongside  a  small  stream, 
and  parallel  with  this  in  Keuper  Marls,  with  a  view  to  cut  the  ore  with 
good  backs.  But  percolation  loosened  the  strata,  and  it  was  found  that  the 
miners  could  not  continue  this  level.  A  rise  was  then  put  up  to  the  sur- 
face, protected  with  close  timbering.  The  upper  open  cut  was  then  started 
until  they  struck  the  ore,  and  the  attle-heap  formed  a  ramp  between  that 
level  and  the  pit.  The  ore  is  dumped  over  this  ramp  into  the  pit,  then 
filled  again,  and  trammed  to  the  cart-dump.  All  this  useless  labour  could 
be  avoided  by  driving  an  adit  512  feet  long  away  from  the  effect  of  the 
stream,  by  which  they  would  secure  backs  of  over  200  feet,  with  a  length 
of  5,250  feet,  producing  from  No.  1  seam  above  the  adit  about  384,300 
tons.  The  two  remaining  seams  would  have  more  backs,  and  therefore 
it  may  be  safely  estimated  that  the  mine  could  produce  over  1,000,000 
tons.  A  tramway,  about  3  kilometres  (1*86  miles)  long,  to  Candas  would 
permit  of  the  ore  being  placed  on  ship-board  at  a  cost  of  3  pesetas  80 
centimos  per  ton,  amortization  and  interest  included. 
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The  Dormon  mine  is  situated  about  half-way  between  Gijon  and 
Candas,  i.e.,  west  from  Gijon  about  5  miles.  The  veins  crop  out  in  the 
face  of  the  coast-cliffs  from  top  to  bottom  (a  vertical  height  of  260  feet). 
They  dip  at  30  degrees  from  the  vertical.  The  upper  seam  has  a 
thickness  of  3  metres  (9 '84  feet),  and  samples  taken  from  this  assayed 
47*60  per  cent,  of  iron.  The  mid  lie  vein  is  1*10  metres  (361  feet) 
thick,  and  the  lower  one  1  metre  (328  feet).  To  work  this  deposit  it 
will  be  necessary  to  construct  a  loading-stage  as  shown  in  Fig.  4  (Plate 
X.),  and  connect  it  with  the  mine  by  a  tramway.  Alongside  this 
loading-stage  there  would  be  15  feet  at  low  water,  with  a  sandy  bottom. 
The  ground  pegged  out  has  a  run  on  the  seams  of  3,300  feet.  The 
cost  of  the  ore  on  ship -board,  including  amortization  of  outlay,  interest, 
government  taxes,  labour,  transport  and  administration,  would  not  exceed 
3  pesetas  45  centimos  per  ton. 

3.  Naveces. — This  is  a  small  bay  (Fig.  5,  Plate  X.),  to  the  west  of 
the  port  of  Aviles,  sheltered  from  the  effects  of  the  westerly  winds  by 
Cape  Vidrias,  and  distant  by  sea  from  Aviles  about  6  kilometres  (3*72 
miles). 

The  veins  crop  out  in  the  face  of  the  almost  vertical  precipice  forming 
the  coast,  from  top  to  bottom,  a  vertical  height  of  220  feet,  with  a 
dip  of  40  degrees  from  the  vertical.  Their  thicknesses  and  analyses  of 
samples  taken  from  the  weathered  outcrops  are  shown  in  Table  V. 

Table  V. — Ikon-ores  of  Naveces. 


Name  of  Mine. 


Upper  vein  .. 
Middle  ,,  .. 
Lower    ,, 


Thickness  of  Bed. 

Metres. 

3-00 
1-20 

TOO 

Ft.  Ins. 

9  10 
3  11 
3     3 

Iron  Contents. 


Per  Cent. 

42-23 
41-97 
36-90 


Per  Cent. 

40-17 
38-30 
36-56 


Taking  the  lirst  two  beds  as  workable,  there  are  959,000  tons  above 
adit-level,  after  deducting  for  wastage.  Owing  to  the  configuration  of 
the  country,  the  only  outlet  for  these  ores  is  by  sea.  In  order  to  work 
them  effectively  a  loading-stage  and  connecting  tramway  must  be  built. 
Fig.  5,  (Plate  X.),  is  a  plan  of  the  bay.  The  cost  of  the  ore  per  ton, 
including  amortization  and  interest  on  outlay,  placed  on  board  will  not 
exceed  3  pesetas  50  centimos. 


4.  Llumeres. — The  veins  in  the  face  of  the  almost  vertical  cliffs  have 
been  worked  during  the  last  25  years  by  the  owners  of  the  Felguera  iron- 
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works.  They  have  B  loading-stage  ill  the  small  bay  of  the  same  name, 
and  Bteam-barges  are  carrying  the  ore  to  the  railway-terminus  in  (Jijon, 
whence  it  is  taken  by  rail  to  their  works,  situated  inland  :>7  kilometres 
They  work  by  gallery  and  stope,  the  ore  costing  on  board 
the  barges  2  pesetas  7~>  centimos  per  ton  ;  the  freight  allowed  to  the 
barges  is  1  peseta  per  ton,  and  each  carries  80  tons.  The  average  assay 
is  47  per  cent,  of  iron,  with  silica  and  other  constituents  similar  to  the 
general  assay  given. 

Adjoining  these  mines  there  are  others,  located  upon  the  run  of  the 
veins,  which  may  be  considered  to  be  of  importance.  One  of  the  mines 
is  situated  upon  the  apex  of  the  anticlinal,  having  the  ore  in  an 
unbroken  flat  bed,  with  only  a  thin  covering  of  clay-slate  and  soil.     The 

v  is  the  same  as  that  of  the  Felguera  mines,  but  it  cannot  be  worked 
nowadays,  owing  to  want  of  means  of  transport.  These  have  been  the 
object  of  survey,  and  a  narrowr-gauge  railway  has  been  planned,  to  carry 
the  ore  to  a  loading -stage  in  the  Llumeres  inlet,  which  has  also  been 
projected.  If  these  plans  be  carried  out,  there  will  be  a  depth  of  36  feet 
at  low  water  alongside  the  stage,  and  the  ore  can  be  put  on  board  at  a 
cost  of  less  than  4  pesetas  per  ton.  There  are  some  millions  of  tons  of 
this  ore  to  be  worked.  A  map  of  the  bay  and  shipping-station  is 
shown  in  Fig.  6,  (Plate  X.).  The  harbour  is  sheltered  from  the  effects 
of  westerly  winds  by  Cape  Peiias,  and  there  will  be  no  stoppage  of 
loading  through  bad  weather. 

5.  CarreTw. — The  mines  at  Carreilo  are  located  upon  the  continuation 
of  the  Dormon  veins.  They  have  been  worked  for  the  last  20  years 
with  an  output  of  about  12,000  tons  per  annum.  The  ore  is  purchased 
by  the  Mieres,  Felguera  and  Moreda  iron-works.  The  average  assay 
to-day  is  lower  than  when  work  was  first  established,  due  to  want  of  care 
in  separating  the  thin  layer  of  decomposed  slate  of  about  2  inches  thick 
on  either  side,  wherein  the  kirving  is  done.  A  recent  analysis  is  as 
follows  : — 

Insoluble  residue  :     Silica 

Peroxide  of  iron 

Protoxide  of  iron 

Manganese  oxide 

Alumina 

Lime 

Phosphoric  acid 

Sulphuric  acid 

Water  and  carbonic  acid      ...         ...         ...  ...  2-95 

con'  eut  in  mi  tallic  iron  is  4897  per  cent.  t  Equivalent  to  0'41  pur  cent,  of  phosphorus. 

\  Equivalent  to  0'21  per  cent,  of  sulphur. 


'er  Cent 

20-47 

67-92* 

1  -84* 

0  26 

4-56 

0-42 

0-94t 

0-53  % 
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There  is  a  peculiarity  in  this  district,  as  there  are  four  veins  of  ore. 
The  mines  have  been  opened  by  an  adit  1,960  feet  in  length.  The  first 
vein  found,  3  feet  3  inches  thick  (the  upper  one,  and  accidental  in 
the  series),  was  found  to  be  lower  in  iron-percentage  than  what  was 
considered  to  be  workable  ore,  and  was  left  unworked.  The  adit  was 
carried  in  a  further  distance  of  80  feet,  and  cut  No.  2  vein,  with  a 
thickness  of  3  feet  7  inches.  Galleries  were  driven  right  and  left  in 
this  bed,  and  stoping  followed.  The  ore  from  these  stopes  assayed  as 
follows  :  — 

Per  Cent. 
Insoluble  residue        ...  ...          ...  ...  ...         15 '35 


Peroxide  of  iron 

Protoxide  of  iron 

Manganese  oxide 

Alumina 

Lime 

Phosphoric  acid 

Sulphuric  acid 

Water  and  carbonic  acid 

The  content  of  metallic  iron  is  5280  per  cent.  t  Equivalen 


74-91* 
0-47* 
0  20 
4-27 
0-44 
0*88t 
0-58J 
2-76 

to  0'38  per  cent,  of  phosphorus. 


t  Equivalent  to  0'23  per  cent,  of  sulphur. 

The  adit  was  then  driven  a  further  distance  of  52  feet,  and  cut  No.  3 
vein,  3  feet  3  inches  thick,  containing  ore  similar  to  the  preceding. 
Galleries  and  stopes  were  also  established  in  this  bed,  and  work  up  to 
to-day  has  been  carried  forward  in  No.  2  vein  for  a  length  of  2,100  feet, 
and  in  No.  3  for  2,300  feet.  No.  4  bed  has  been  proved  by  surface- 
workings  to  have  a  thickness  of  5  feet  3  inches,  assaying  in  iron  about 
48  per  cent.  The  adit  must  be  driven  a  further  distance  of  about  110 
feet  to  cut  this  vein,  which  to-day  is  intact.  A  close  estimate  of  the  ore 
remaining  to  be  worked,  after  deducting  20  per  cent,  for  wastage,  gives 
slightly  over  1,600,000  tons  above  adit- level.  A  further  back  of  100 
feet  on  a  run  of  13,000  feet  by  a  lower  adit  should  be  added  to  the 
foregoing,  or,  say,  1,243,700  tons. 

Owing  to  the  length  of  interior  haulage,  carried  on  under  the  old 
system  of  one  man  one  tram,  the  cost  to-day  is  higher  than  it  should  be. 
This  could  be  mateiially  reduced  by  the  introduction  of  a  mechanical 
system. 

From  the  dump  to  the  nearest  railway  station  (Verina)  is  a  distance 
of  3f  miles.  Bullock- carts  take  2  tons  each  journey,  making  two 
journeys  per  day.  The  present  cost  per  ton,  including  cartage  to 
the  railway-station,  is  4  pesetas  50  centimos.  To  this  loadiug  into 
truck,  the  government  tax  and  a  proportion  of  the  surface  royalty  have 
to  be  added,  say,  1  peseta  per  ton,  making  the  cost  on  railway-truck  5 
pesetas  50  centimos.     By  the  outlay  of  the  necessary  capital  to  open  up 
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tlic  mines,  with  a  view  to  a  more  economical  and  augmented  output, 
and  the  laying  of  a  tramway  to  the  new  Musel  port  in  Gijon  bay,  this 
cost  could  be  reduced  to  8  pesetas  per  ton,  provided  that  100,000  tons 
per  annum  be  worked.  This  price  would  include  amortization  and  all 
sundries. 

In  order  to  permit  the  use  of  the  foregoing  ores  in  the  blast-furnaces 
the  smelting  companies  formerly  bought  ores,  low  in  silica,  from  Bilbao 
and  Santander,  to  mix  and  complete  their  charges.  This  to  a  certain 
extent  has  now  been  altered,  as  it  was  found  that  the  addition  of  the 
ores  from  the  Bayo  district  in  this  province  had  a  similar  effect. 

This  district  is  situated  from  3  to  5  miles  south-west  of  Trubia  as 
the  bird  flies,  where  there  is  a  very  important  government  arsenal, 
turning  out  heavy  guns  and  projectiles.  The  railway  station  of  Trubia 
is  43  kilometres  (2Q-G  miles)  from  Gijon,  and  a  like  distance  from  the 
port  of  Aviles. 

Bayo  Ores. — The  Bayo  formation  belongs  to  the  Upper  Devonian, 
and  comprizes  the  Old  Red  Sandstone,  with  an  immense  overlay  of  a 
close-grained  splintery  grey  limestone.  There  are  very  important 
deposits  in  this  limestone  of  unfossiliferous  blood-red  haematite  of 
crystalline  texture.  These  deposits  fill  the  fissures  and  caverns  formed 
by  seismic  movement,  and,  so  far  as  can  be  judged  from  explora- 
tions, appear  to  underlie  the  limestone  to  a  certain  extent.  The  deposits 
carry  thin  separations  and  patches  of  a  yellow  and  white  calcite,  intro- 
duced through  breakages  after  they  had  been  formed.  In  one  mine, 
now  at  work,  there  are  thin  veins  of  clean  red  oxide,  so  free  from  silica 
in  grains  or  other  matter  that  all  that  has  to  be  done  is  to  grind  it  in 
oils  to  form  the  celebrated  iron  paint. 

The  masses  appear  to  have  rich  and  poor  alternating  beds,  all  highly 
crystalline.  The  rich  is  of  a  purplish  colour  in  the  fresh  fracture,  while 
the  poor  ore  has  a  dark  red  colour.  The  following  are  assays  of  the 
rich  ore  : — 


No.  1. 

No.  2. 

No.  3. 

Samples. 

Per  Cent. 

Per  Cent. 

Per  Cent 

Iron  peroxide 

85-680 

86  090 

86  210 

Silica 

4-250 

4  600 

3-730 

Phosphorus 

0-020 

0  033 

0  030 

Sulphur 

traces. 

0-004 

0-005 

Water  and  carbonic  acid 

8-970 

8-000 
60  260 

8-000 

Metallic  iron 

59-980 

60-340 

A  sample  of  poor  ore  analysed  by  Mr.  Edw7ard  Riley  contained : — 
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Per  Cent. 
Silica 18-090 


Peroxide  of  iron 
Protoxide  of  iron 
Alumina 
Manganese  oxide 
Lime    ... 
Magnesia 
Phosphoric  acid 
Arsenic  acid  . . . 
Sulphur 
Carbonic  acid 
Moisture 


52-120* 

0150 

0-480 

traces. 

15-770 

0-290 

0-050t 

traces. 

0-012 

11-840 

1-210 

Equivalent  to  36'60  per  cent,  of  metallic  iron.  t  Equivalent  to  0022  per  cent,  of  phosphorus. 


The  average  amount  of  iron  in  the  ore  delivered  at  the  works  is 
about  45  per  cent. 

The  mines  are  connected  with  the  railway-station  by  a  road  that  has 
been  carried  by  easy  gradients  along  the  mountain-side.  This  mountain- 
range  intervenes  between  the  mines  and  the  station,  forming  a  barrier  to 
cart  transport  by  a  short  route,  lengthening  the  road  to  6t>  miles,  and 
transport  costs  from  5  to  5^  pesetas.  By  installing  a  self-acting  rope- 
way over  the  mountain,  this  cost  would  be  reduced  to  1  peseta  50 
centimos.  Railway  transport  to  Gijon  costs  3  pesetas  63  centimos 
per  ton. 

The  Felguera  and  Moreda  works  use  this  ore  in  their  furnace-charges 
to  the  extent  of  20  per  cent,  of  the  same.  The  Moreda  works  imports 
the  balance  of  their  ore-charges  from  Bilbao  and  Santander. 

The  Felguera  works  in  addition  to  these  ores  use  a  magnetic  ore 
from  Porcia,  which  is  shipped  at  the  small  port  of  Tapia. 

The  ores  are  met  with  in  a  number  of  beds  varying  in  thickness 
from  3  feet  to  14  feet,  and  run  in  concordance  with  the  encasing 
Cambrian  slate  country.  (Parallel  to  these  beds,  and  at  a  short  distance 
from  them  to  the  west,  there  is  a  conformable  run  of  diorite.)  In  some 
portions  of  their  run  the  ores  are  highly  magnetic.  All  have  a  blue 
colour  and  a  slaty  fracture,  with  but  slight  difference  in  outward 
appearance  from  the  slate  that  accompanies  them ;  but  on  handling  them, 
the  difference  in  density  is  at  once  apparent.  They  are  rich  in  iron, 
and  contain  phosphoric  acid,  but  this  does  not  prevent  their  use  by 
iron-works  who  manufacture  steel  plates  and  angles  from  their  pig  in 
Siemens-Martin  acid  furnaces. 

A  large  portion  of  the  manufactured  product  goes  to  the  govern- 
ment arsenals  for  shipbuilding  purposes,  and  is  subjected  to  severe 
tests,  which  it  resists  well,  thus  proving  that  the  phosphorus  is 
eliminated  in  the  various  processes  to  such  an  extent  that  it  does  not 
affect  the  results  of  stresses  and  strains  applied. 
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The  assay  of  a  sample  of  a  general  cargo  delivered  in  1898  to  the 
Felguera  iron-works  was  as  follows  : — 

Per  Oenl 

Silica 11-00 


Alumina 
Peroxide  of  iron 
Manganese  peroxide  ... 
Lime 

Magnesia 
Phosphoric  acid 
Sulphuric  acid 
Loss  in  calcining 

uivalent  to  52  per  cent,  of  iron.  t  Equivalei 

!  Equivalent  to  0  40  per  cent,  of  phosphorus.  §  I 

A  recent  cargo  assayed  as  follows  :- 


2-26 
74*28* 
5-46+ 
2-30 
010 
0-92$ 
0-19§ 
3-40 

t  to  3 '80  per  cent,  of  manganese. 
quivalenl  to  010  per  cent,  of  sulphur. 


Per  Cent. 

Silica 17-70 

Alumina  ...  ...          ...  ...  ...  ...  9*35 

Iron  peroxide ...         ...         ...         ...         ...         ...         6429* 

Manganese  peroxide  ...          ...  ...  ...  4*3 It 

Equivalent  to  4.5  per  cent,  of  iron.  *  Equivalent  to  3  per  cent,  of  manganese. 

The  difference  in  the  analyses  is  owing  to  the  workings  being  at 
present  in  a  poorer  portion  of  the  veins,  the  way  in  which  these  are 
worked  permitting  the  intermixture  of  the  encasing  rock  with  the  ore 
produced  ;  and  the  increase  in  silica  and  alumina  tends  to  confirm  this 
opinion. 

The  ore  is  at  present  carted  from  the  mines  to  Tapia,  a  distance  of  5 
kilometres  (3'10  miles),  and  its  cost  free  on  board  is  about  7  pesetas  per 
ton.     The  freight  to  the  quay  at  Gijon  is  3  pesetas  per  ton. 

There  is  a  small  natural  harbour  within  2  kilometres  (1*2  miles) 
of  the  present  mine,  which,  with  the  provision  of  a  tramway  and 
shipping-stage,   would   reduce    the    cost    on    ship-board    to    4    pesetas 

'•entimosper  ton,  including  all  charges. 

Summary. 

The  working  of  the  ores  reviewed  has  been  carried  on  up  to  the 
present,  only  to  the  extent  of  supplying  the  works  existing  in  the 
district,  as  there  is  no  exportation. 

The  Mieres  and  Felguera  iron  and  steel-works  are  situated  in  the 
heart  of  the  coal-basin.  There  are  batteries  of  coke-ovens,  and  the 
washed  small  coal  costs  about  6  pesetas  per  ton  on  the  works,  and 
limestone  costs  2  pesetas  per  ton. 

The  Moreda  iron-works  are  situated  in  Gijon,  and  fuel  is  surcharged 
by  railway-transport  to  the  extent  of  from  3  to  4  pesetas  per  ton. 
There  are  no  coke-ovens,  coke  costs  about  20  pesetas  per  ton  on 
the  works,  and  limestone  costs  2*50  pesetas  per  ton.     Against  the  higher 
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cost  of  fuel,  the  works  have  the  advantage  in  their  favour  of  the  lower 
cost  of  the  ore  delivered  at  the  works,  as  there  are  no  railway- charges, 
except  for  such  ore  as  is  transported  from  the  Verifia  railway-station, 
which  costs  63  centimos,  as  compared  with  3  pesetas  to  the  other  works. 
The  ore  used  in  the  blast-furnace  is  the  highest  in  percentage  of  iron, 
and  the  position  of  the  Moreda  works  gives  them  a  positive  advantage 
over  the  others.  Further,  they  have  in  their  favour  the  proximity  of  the 
port  for  shipment  of  the  finished  material  without  railway  charges. 


The   President  moved   a  vote   of   thanks   to   Mr.  Jones   for   his 
interesting  paper,  and  the  motion  was  cordially  approved. 


Mr.    G.   F.    Monckton's    paper   on   '"The    Mining    Districts    near 
Kamloop's  Lake,  British  Columbia,"  was  taken  as  read,  as  follows  : — 


.minim;  districts  of  liumsn  Columbia. 


;5!il 


MINING   DISTRICTS  NEAR  KAMLOOPS   LAKE,  BRITISH 

COLUMBIA. 


By  G.  F.  MONCKTON 


The  district  of  British  Columbia  to  which  this  paper  refers  is  the 
western  part  of  the  area  drained  by  rivers  flowing  into  Tvamloops  lake, 
with  an  east-and-west  width  of  35  miles  and  a  length  from  north  to 
south  of  75  miles.  It  forms  a  part  of  the  interior  plateau,  and  shares 
with  the  rest  of  that  region,  which  is  100  miles  wide,  and  runs  north  - 


Fig.  8.— View,  looking  Westward,  from  the  Foot  of  Kamloops  Lake, 
at  a  Height  of  about  1,200  Feet  above  it.  The  Course  of  the  Thompson 
Rtveb   is   shown    kor   about    15   Miles.      The  Deep   Canon,    at  the  Rkjht- 

HANI),  ENDING  IN  A  LOWER  BENCH,  IS  THAT  OF  DEADMAN  RlVEK.     TlIE  BlUFI'S,  300 

Feet  high,  along  the  Thompson  River,  are  composed  of  White  Silts  marking 
an  Old  Lake-bed.  The  Thompson  River  is  About  1,000  Feet  above  Sea- 
level,  and  Mount  Clossy,  on  the  Left-hand,  is  about  (i,000  Feet  High. 

ward  through  the  whole  extent  of  the  province,  its  peculiar  character- 
istics, namely,  a  marked  want  of  vegetation  in  the  lowlands,  due  to  the 
dryness  of  the  climate,  and  a  system  of  terraced  mountains  separated 
by   deep  narrow  valleys    (Fig.   8).      The  rainfall  does  not  exceed   12 
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inches  a  year  in  the  lower  valleys,  which  are  from  1,100  to  2,000  feet 
above  sea-level;  but  it  is  greater  on  the  heights  above  them.  The 
mountains  are  usually  thinly  wooded,  and  contain  many  large  open  areas 
covered  with  grass,  which  make  this  region  a  great  cattle  country.  All 
the  higher  ground  is  dotted  with  alkali  lakes.  The  summer  is  very 
hot,  grapes  and  water-melons  growing  luxuriantly  in  the  open  air,  while 
the  winter  is  very  cold,  —  10°  Fahr.  being  no  uncommon  temperature. 
The  clearness  and  dryness  of  the  atmosphere  has  caused  the  district  to 
be  a  favourite  resort  for  consumptives. 

The  greater  part  of  the  region  may  be  said  to  be  unexplored,  as  with 
the  exception  of  a  rough  survey  made  by  the  Geological  Survey  Depart- 
ment, it  has  not  been  mapped,  and  is  untravelled  even  by  the  cowboy  and 
the  Indian.  Comparatively  little  development  has  yet  been  done  in  the 
district,  as  the  local  capital  available  is  but  small,  Kamloops,  the  only 
town  in  the  district,  having  a  population  of  1,500,  while  the  other 
central  point,  Savona,  is  a  very  small  settlement.  It  must  be  admitted 
that  the  people  of  Kamloops  have  not  done  badly  with  the  means  that 
they  had  at  their  disposal.  The  region  has  been  the  happy  hunting- 
ground  of  the  heaven-born  mining  expert,  who  can  scarcely  read  or 
write,  who  last  year  was  a  grocer,  and  next  year,  by  a  process  of  natural 
selection,  will  become  a  vendor  of  tin  cans,  but  who  for  the  nonce,  by 
means  of  a  long  tongue  which  he  can  twist  round  the  longest  words  to 
be  found  in  the  dictionary  of  mineralogy,  is  able  to  confound  the  men  of 
slower  intellects. 

The  progress  of  the  district  has  been  also  greatly  hampered  by  the 
continual  restaking  of  claims  without  doing  any  work  upon  them.  This 
is  rendered  possible  by  the  law  which  allows  12  months  in  which  to  do 
the  assessment-work  and  permits  the  transfer  of  the  claim  before  it  is 
done.  Miles  of  rich  mineral  country  are  thus  tied  up.  When  the  mining 
excitement  first  began  in  Kamloops,  the  saw-mills  did  a  good  business 
sawing  location-stakes,  which  must  square  4  inches  and  stand  4  feet 
high.  On  Sundays,  a  procession  of  carriages  loaded  with  these  stakes 
might  be  seen  wending  its  way  out  to  the  nearest  mineral  region,  over 
which  carriages  can  be  easily  driven.  As  soon  as  a  rock  was  seen,  a  stake 
or  collection  of  rival  stakes  was  set  up  on  it.  In  those  days,  a  man  was 
poor  indeed  who  did  not  own  a  dozen  claims  or  more.  As  the  expected 
capitalists  did  not  come  along  to  buy  these  claims,  most  of  the  claims 
have  lapsed,  and  their  locators  have  sought  their  way  to  wealth  in  some 
harder  way. 
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(jBOLOGY. 

The  geological  formation  of  the  district  may  be  briefly  described  as 
follows  :  — The  Cambrian  is  believed  to  be  represented  by  a  limited  area 
of  shales  and  slate  near  Campbell  creek.  To  the  Carboniferous  system 
belongs  a  series  of  schists,  limestones,  conglomerates,  and  sandstones 
interstratified  with  trap,  which  occurs  along  the  North  Thompson  river. 
The  Nicola  group  of  the  Triassic  formation  covers  a  very  large 
portion  of  the  district,  and  is  composed  almost  entirely  of  volcanic  ash 
and  trap  aggregating  15,000  feet  in  thickness.  A  few  beds  of  shale 
and  limestone  are  found  in  this  series.  The  Tertiary  (Oligocene  and 
Miscene)  formation  is  largely  represented,  first  by  the  Coldwater  beds, 
which  are  chiefly  conglomerates,  laid  down  during  an  interval  of 
quietude  between  periods  of  volcanic  disturbance,  then  by  a  series  of 
beds  of  dolerite  and  porphyry,  a  group  of  bedded  tuffs  known  as  the 
Tranquille  beds,  and  finally  a  series  of  basalts  and  conglomerates. 
Several  areas  of  plutonic  rocks  occur  within  the  compass  of  the  map 
(Fig.  2,  Plate  XII.),  and  all  of  those  which  have  been  prospected  have 
been  found  to  contain  or  be  connected  with  the  occurrence  of  metallif- 
erous deposits.  The  probability  of  this  was  pointed  out  by  Dr.  G.  M. 
Dawson  in  a  report  of  the  Geological  Survey.*  These  rocks  are  gabbros, 
diorites,  and  granites.  Some  of  them  are  believed  to  be  of  Tertiary 
age.  All  these  older  rocks  are  overlain  by  Glacial  Drift,  and  there  is  a 
remarkable  series  of  finely  bedded  silts,  which  were  evidently  deposited 
in  a  deep  lake-basin  as  the  glaciers  retreated.  The  traces  of  glacial 
action  are  very  marked  in  the  district.  The  whole  region  has  been 
subjected  to  great  volcanic  disturbance  in  Triassic  and  Tertiary  times. 
Among  the  chief  centres  from  which  the  volcanic  debris  was  distributed 
are  Skoatl  Mountain,  Porcupine  Ridge,  and  Battle  Bluff.  From  this 
preliminary  statement,  the  writer  will  proceed  to  the  actual  occurrences 
of  minerals  in  the  district. 

COAL-FJELDS. 

The  two  coal-bearing  areas  of  this  district  are  those  of  the  Tranquille 
beds  on  the  north  end  of  the  lake  and  the  North  Thompson  river.  This 
latter  is  in  the  north-eastern  corner  of  the  map  (Fig.  1,  Plate  XL), 
and  is  likely  to  have  an  important  bearing  on  the  future  of  the  district. 
It  is  a  trough  in  the  older  rocks  occupied  by  Tertiary  beds,  and  is 

'Report  on  the  Area  of  the  Kamloops  Map-sheet,  British  Columbia."  By 
Dr.  George  M.  I'awson.  Annual  Report  of  the  Geological  Survey  of  Canada,  New 
Seiies,  1894,  vol.  vii.,  Report  B,  pages  1-427. 
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largely  covered  by  Drift,  occupying  only  a  small  area.  The  beds  form 
a  syncline,  and  some  of  them  have  been  exposed  by  Coal  brook,  which 
intersects  them.  There  are  numerous  coal-seams  averaging  1  foot  in 
thickness,  and  showing  considerable  regularity.  Where  these  beds  are 
exposed  the  dip  varies  from  12  to  15  degrees.  The  rocks  accompanying 
the  coal  are  shales,  clays  and  sandstones,  such  as  are  usually  found  in 
coal-formations.  According  to  the  report  of  the  Canadian  Geological 
Survey,  a  tunnel  run  in  a  seam  showed  the  following  section  : — 

Coal      

Sandstone 

Coal      

Sandstone 

Coal      

An  underlying  seam  of  coal  is  reported.  The  analysis  showed  by  slow 
coking  2*22  per  cent,  of  water,  32*05  per  cent,  of  volatile  matter,  52*81  per 
cent,  of  fixed  carbon,  and  12*92  per  cent,  of  ash.  This  coal  should  be 
worked  to  a  profit  in  view  of  the  high  price  of  coal  throughout  the  district, 
as  it  could  be  transported  by  water  to  Kamloops  and  thence  conveyed  down 
the  lake  25  miles  westward,  or  carried  on  the  South  Thompson  river 
80  miles  eastward  to  the  head  of  Shuswaf  lake.  The  coal-seams  of  the 
Tranquille  beds  are  only  exposed  at  one  point,  at  Guerin,  south  of 
Kamloops,  although  they  are  believed  to  cover  about  30  square  miles. 
At  Guerin,  several  seams  crop  out  in  the  banks  of  a  brook,  and  an 
incline  has  been  sunk  in  them  which  showed  seven  seams  of  coal  aggre- 
gating 2  feet  6  inches  in  a  total  thickness  of  6  feet  10  inches  ('Fig.  4, 
Plate  XIII.).  It  will  be  seen  that  the  number  of  dirt-partings  render 
this  seam  of  small  value.  More  small  coal-seams  occur  here,  but  the 
value  of  the  coal-field  can  only  be  ascertained  by  borings  at  different 
points.  The  western  end  of  the  Tranquille  beds  has  been  so  disturbed 
that  no  coal-seams  are  likely  to  be  found  there,  but  the  mouth  of  the 
Tranquille  river  and  the  southern  side  of  the  flats  at  the  head  of 
the  lake  would  be  good  locations  for  bore-holes.  Beds  of  the  series 
occur  again  18  miles  south  of  Kamloops,  in  which  coal  may  be  found. 
It  is  much  to  be  desired  for  the  sake  of  the  district  that  some  portion 
of  these  coal-areas  will  be  successively  developed,  as  coke  for  smelting 
purposes  might  then  be  obtained  at  a  reasonable  rate.  Fine  clay  occurs 
in  the  Tranquille  beds. 

Metalliferous  Areas. 

Slump  Lake. — About  25  miles  south  of  Kamloops  (Fig.  2,  Plate 
XII.)  occurs  an   area,  covering  about  15  square  miles,  in  which  are 
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found  sonic  veins  that  arc  likely  to  become  of  considerable  importance. 
The  country-rock  is  a  green  diabase-porphyry  with  some  interbedded 
diabase-tuffs  and  felspathic  rock.  These  rocks  are  usually  much  decom- 
posed where  the  veins  traverse  them,  and  arc  reddened  by  inn-pyrites 
and  dolomite.  The  vein-material  is  white  quartz,  carrying  iron-pyrites, 
galena,  copper-pyrites  and  grey  copper.  The  ore  of  the  Planet  mine 
is  quartz,  containing  copper-pyrites  and  galena,  into  which  brown  spar 
and  chalcedony  have  been  introduced,  probably  in  the  time  of  the 
Tertiary  volcanic  activity."  The  chief  value  is  silver,  with  which  is 
associated  some  gold.  The  work  on  these  claims  was  done  more  than  10 
years  ago,  when  it  was  suspended  owing  to  the  difficulties  of  transport. 
These  will  be  overcome  as  the  country  becomes  more  settled.  Several 
shafts  attained  a  considerable  depth,  notably  the  Joshua,  400  feet, 
the  Tubal  Cain,  220  feet,  and  the  King  William,  175  feet.  Others 
exceeded  100  feet.  The  Joshua  mine  had  745  feet  of  levels,  and 
the  Tubal  Cain  mine  1,350  feet.  The  Joshua  vein  varied  from  10 
inches  to  5  feet  wide,  was  nearly  vertical,  and  ran  north  10  degrees 
west,  that  of  the  Tubal  Cain  dipping  at  an  angle  of  GO  degrees  east- 
ward, and  having  a  strike  of  north  5  degrees  west  The  King 
William  vein  strikes  north  10  degrees  west,  and  has  a  very  steep  dip  to 
the  east.  The  Star  ]ode  averages  3  feet  in  width,  dips  at  an  angle  of  60 
degrees  eastward,  and  runs  north  5  degrees  west.  The  direction  of  the 
Planet  vein  is  north  10  degrees  east,  and  it  dips  eastward.  With  very 
few  exceptions,  the  lodes  of  this  camp  have  a  similar  dip  and  strike. 

Jamieson  Creek. — Here  occurs  (Fig.  1,  Plate  XL)  an  area  of  granite 
in  the  Paheozoic  slates.  This,  like  most  of  the  plutonic  intrusions  in 
the  area  under  consideration,  contains  metalliferous  veins  which  pass 
into  the  adjoining  slates.  These  lodes  are  quartz  carrying  pyrites, 
galena,  zinc-blende,  and  grey  copper.  The  granite  is  largely  decomposed, 
and  is  grey,  except  where  the  associated  iron-pyrites  has  oxidized  and 
coloured  it  red.  The  veins  for  the  most  part  run  north  and  south. 
Many  of  them  are  6  and  10  feet  wide.  Tests  made  on  pre  from  four 
of  them  for  the  Canadian  Geological  Survey,  showed  11  dwts.  to  1  ounce 
2  dwts.  of  gold,  and  from  2*5  to  34*2  ounces  of  silver  per  ton.  Accord- 
ing to  Dr.  G.  M.  Dawson,  the  lodes  were  probably  contemporaneous,  or 
nearly  so,  with  the  intrusion  of  the  granite.  The  dip  of  the  lodes  is 
nearly  vertical.  It  is  probable  from  the  results  of  preliminary  prospect- 
ing  that  this  district  will  be  found  to  contain  many  large  bodies  of  low- 

*  Annual  l!<  jtort  of  the,  Geological  Survey  of  Canada,  New  Series,  1894,  vol.  vii. , 
Report  B,  page  335. 
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grade  ore.    Most  of  the  properties  are  at  an  elevation  of  1,500  feet  above 
the  North  Thompson  river.     The  district  can  he  reached  by  water  or  by 

waggon-road  from  Kamloops,  from   which  it  is  distant  15  miles,  but 

* 

although  it  is  so  convenient  of  access,  little  work  has  yet  been  done. 

Coil  Hill. — Several  claims  lie  along  the  northern  slope  of  Coal  Hill 
which  is  immediately  south  of  Kamloops  (Fig.  1,  Plate  XL).  The 
principal  ones  are  the  Iron  Mask  and  the  Python.  The  first  is  situated 
at  the  north-eastern  corner  of  the  ridge,  which  is  composed  of  gabbros 
and  diorites.  It  is  the  only  claim  on  the  hill  from  which  any  considerable 
amount  of  ore  has  been  shipped,  3  carloads  of  20  tons  each  having  been 
sent  out.  Two  of  these  were  of  picked  ore  and  yielded  respectively  19 
ounces  of  gold,  1*30  ounces  of  silver,  and  16  per  cent,  of  copper  ;  and  22 
ounces  of  gold,  1  ounce  of  silver,  and  14*29  per  cent,  of  copper.  The 
third  shipment  of  average  ore  contained  0*06  ounce  of  gold,  0*60  ounce 
of  silver  and  11*75  per  cent,  of  copper.  The  vein  is  on  the  steep  side  of 
the  mountain,  and  is  opened  by  an  adit-level.  It  has  a  total  thicknesss 
of  4  feet,  the  paystreak  being  about  1  foot  wide.  The  ore  is  copper- 
pyrites  and  magnetite.  Other  copper-ores  occur.  On  the  foot-wall  is  a 
seam  of  calcareous  schist.  The  vein  was  but  little  exposed  on  the 
surface. 

The  Python  mine  lies  2  miles  east-south-east  of  this  property  (Fig. 
4,  Plate  XIII.).  The  lode  has  a  direction  of  east  15  degrees  south,  and 
is  believed  to  be  the  same  as  that  found  in  the  Charlotte,  2  miles  east, 
and  intervening  claims.  It  has  been  opened  by  a  shaft  55  feet  deep  and 
a  drift  at  the  bottom.  In  the  shaft,  the  vein  is  over  8  feet  wide,  the 
northern  wall  not  having  been  found.  Although  a  slickensided  face  of 
rock  occurs  on  the  southern  side  it  is  doubtful  whether  that  is  really  a 
wall,  it  being  in  the  writer's  opinion  only  the  side  of  a  dyke  running 
parallel  to  the  vein  ;  south  of  this  is  found  a  cross  vein  running  about 
north-east.  This  carries  some  copper.  In  a  surface  cross-cut  a  few 
hundred  feet  from  the  shaft  may  be  seen  the  whole  width  of  the  vein 
which  is  30  feet  wide  at  that  point,  and  is  much  oxidized.  On  this 
property,  the  lode  has  been  traced  over  2,000  feet  in  length.  There  is  a 
fine  opportunity  for  working  the  claims  by  an  adit,  as  a  level  can  be 
driven  to  intersect  the  vein  at  a  depth  of  600  feet,  and  this  need  only  be 
1,000  feet  long.  The  present  company  are  driving  an  adit  200  feet 
down,  and  if  the  property  shows  up  well  they  will  then  drive  the  deeper 
level.  There  is  another  cross-vein  carrying  copper  which  is  east  of  and 
parallel  to  the  first.  rlhe  vein  is  intersected  by  numerous  barren  veins 
thrown  out  from  parallel  dykes,  but  one-half  of  the  material  composing 
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ii  could  be  hand-picked  and  would  average  about  10  per  cent,  of  copper, 

Tlic  metal  occurs  chiefly  as  copper-pyrites,  but  much  carbonate-ore  is 
found  near  the  surface  I  PigS.  9,  LO  and  1  1  ). 

Between  this  mine  and  the  Charlotte  of  the  Kiinberley  group  are 
several  promising  claims.  There  are  some  veins  of  magnetite  on  the 
Calumet.  These  run  north.  There  is  a  shallow  shaft  and  open-cut  on 
the  Charlotte,  in  which  is  exposed  an  ore-body  resembling  that  of  the 
Python,  and  not  less  than  15  feet  wide.  An  adit  is  being  driven  to 
intersect  this  and  will  reach  it  at  a  depth  of  85  feet.  As  the  adit  will 
be  considerably  over  200  feet  long'  this  is  not  a  very  satisfactory  operation. 
The  drift  would  not  have  been  much  longer  if  it  had  been  put  in  100 
feet  lower  down. 


Fig.  9.- View,  looking  Westward,  from  the  Python  Mine,  on  Coal 
Hii  l.  The  Python  Mine  Building  is  on  the  Left-hand  ;  tub  Concentrator 
will  be  built  on  the  lake  in  the  fore-ground  ;  and  the  valley  is  composed 
of  the  Tertiary  Coal  Series,  which  are  covered  by  Volcanic  Lavas, 
composing  the  hllls  on  the  rlght-hand.  tlie  distant  valley  on  the 
Left-hand  is  Kamloofs  Lake,  in  the  Centre  is  the  Tranquille  River,  and 
on  the  Right-hand  is  the  beginning  of  the  North  Thompson  Valley. 

On  Coal  Hill,  between  the  Python  and  Iron  Mask,  are  several  claims 
on  which  work  has  been  done.  On  the  Golden  Star,  mispickel  and 
copper-pyrites  occur  in  diorite.  This  property  has  been  opened  by  a 
surface-drift  and  a  shaft,  the  latter  sunk  on  the  edge  of  a  small  lake 
which  runs  into  it.  As  the  water  pumped  from  the  shaft  will  run  into 
the  lake  and  thence  return  with  all  possible  celerity  to  the  shaft,  it  would 
seem  as  if  the  workers  on  this  shaft  would  solve  the  secret  of  perpetual 
motion. 
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In  a  flat  just  above  the  Iron  Mask  lies  the  Lucky  Strike,  the 
property  of  a  British  syndicate,  but  as  the  vein  deteriorated  it  was 
abandoned  at  the  depth  of  75  feet.  Seeing  that  there  is  a  good  deai  of 
fine  ore  on  the  surface,  and  that  the  vein  has  been  found  for  a  consider- 
able distance  on  the  surface,  it  is  rather  surprising  that  they  have  let  it 
lie  idle  so  long.  The  lode  may  be  expected  to  run  through  the  Neighbour 
claims  to  the  south,  where  similar  ore  has  been  found. 

In  the  Phoenix  and  Bluebird  immediately  north,  copper-pyrites  is 
found  in  schistose  rock. 

Two  miles  east  of  the  Iron  Mask  is  the  Pothook  group,  which  is 
being  worked  by  The  Scottish  Mining  Syndicate,  Limited.     There  are 


Fig.  10. —View  of  Shaft  of  the  Python  Mine. 

outcrops  of  copper  at  several  points  on  this  property,  but  the  main 
expenditure  is  being  made  in  an  irregular  body  of  altered  rock  which 
may  be  classed  as  a  serpentine  and  lies  along  a  line  of  Assuring,  through 
which,  no  doubt,  ascended  the  vapours  generated  during  the  intrusion  of 
the  dykes  which  are  in  contact  close  to  this.  This  ore-body  is  of  great 
width  and  contains  native  copper,  at  some  points  in  considerable 
amounts,  but  as  a  rule  it  will  not  average  over  1  per  cent.  Some 
bornite  also  occurs.  A  shaft  is  being  sunk  to  a  depth  of  350  feet,  and 
levels  are  being  driven  at  depths  of  80,  1 70  and  250  feet.  The  manage- 
ment  hope  to   find    a  rich   si.reak   in  this  deposit  and  may  do  so,  but 
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it  Beems  at  present  more  likely  to  turn  out  a  low-grade  proposition. 
A  large  proportion  of  the  ore  already  in  Bight  might,  perhaps,  by 
careful  handling,  be  made  to  pay  by  concentration. 

On  this  group  and  some  adjoining  claims,  notably  the  Dakota  and 
Dawson,  are  found  lodes  of  magnetic  iron,  which  at  some  points  have  a 
width  of  40  feet.  These  are  probably  the  cappings  of  copper  deposits, 
and  in  fact  in  the  two  claims  mentioned  the  magnetite  shows  some 
copper  in  the  shallow  shafts  sunk.  The  writer  is  inclined  to  think 
that  these  iron  veins  will  prove  eventually  to  be  the  main  dependence  of 
this  part  of  the  camp.     There  are  many  other  claims  in  this  locality 


Fig.  11.— View  of  Foot  of  Inclined  Tramway  from  the 
Python  Mine. 

which  promise  well  but  are  not  of  sufficient  importance  to  detail  now, 
and  the  properties  which  next  come  under  review  are  those  of  Cherry 
Bluff. 

Cherry  Bluff. — In  this  area  of  diorite  and  gabbro  which  borders  on 
Kamloops  lake  are  two  properties  of  note,  the  Copper  King  and  the  Glen 
iron-mine  (Fig.  1,  Plate  XL).  The  first  of  these  is  nearly  at  the  western 
end  of  the  bluff  on  the  southern  side.  It  consists  of  a  zone  of  granite 
impregnated  with  iron-  and  copper-pyrites  which  runs  north  and  south, 
and  is  about  3<>  feet  wide.     The  paystreak  lies  alongside  a  small  vein  of 
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limestone  which  carries  copper.  At  the  western  end  of  the  bluff  are 
many  small  veins  of  specular  iron  traversing  the  gabbros  and  mica- 
diorites  which  compose  the  mountain.  Here  also  occur  some  large 
bodies  of  magnetite  having  an  east-and-west  strike  and  dipping  to  the 
north.  Although  much  faulted,  they  have  many  of  the  characteristics 
of  true  veins.  The  main  deposits  known  are  (1)  a  mass,  level  with  the 
railroad-track,  from  which  2,000  tons  have  been  taken.  This  has  been 
sunk  on  to  the  level  of  the  lake.  (2)  An  opening  west  of  this,  where  a 
vein  2  to  5  feet  wide  has  been  worked.  (3)  A  deposit  of  ore  10  feet 
wide,  from  which  a  good  deal  of  ore  has  been  shipped.  A  former 
superintendent  shipped  out  several  hundred  tons  of  country-rock  to  the 
smelter  from  this  point.  It  was  not  appreciated  by  the  furnacemen  at 
all,  and  was  eventually  dumped  out  for  ballast.  (4)  Almost  on  the 
summit  of  the  hill  crop  out  several  parallel  veins,  of  which  one  is  the 
chief  source  of  supply.  The  ore  is  quarried  out  of  the  floor  of  a  long 
cut.  In  the  upper  workings  on  this  deposit  there  is  8  feet  of  first-class 
and  7  feet  of  second-class  ore.  This  vein  is  faulted  to  the  south  at 
the  western  end  of  the  cut,  the  foot-wall  becoming  the  hanging-wall. 
Thereafter  it  appears  to  split  up  into  two  veins,  which  widen  as  they 
go  west,  but  apparently  deteriorate  in  grade,  the  width  of  country-rock 
and  vein  being  about  300  feet,  of  which  10  per  cent,  is  iron.  At  one 
point,  a  bluff  of  high-grade  magnetite,  20  feet  high  is  seen.  Besides 
these  ore-bodies,  other  large  masses  crop  out  both  west  and  east,  but  no 
work  has  been  done  on  them  yet.  The  ore  for  which  contracts  are 
taken  has  to  average  50  per  cent,  of  metallic  iron  and  upwards.  It  thus 
happens  that  the  dump  is  largely  composed  of  40  per  cent,  magnetite,  and 
much  fine  ore  is  left  in  place.  There  is  an  aerial  tramway  in  operation 
here  (Fig.  12).  The  total  output  of  the  mine  has  not  exceeded  10,000 
tons,  the  demand  being  small,  as  the  country  cannot  yet  support  iron- 
furnaces  and  the  smelting  works  which  use  the  ore  as  a  flux  in  smelt- 
ing lead-ores  are  400  miles  distant.  At  a  low  computation,  there  is 
actually  in  sight  100,000  tons  of  45  per  cent,  magnetite.  An  adit  is 
being  driven  to  intersect  the  larger  ore-bodies  at  a  depth  of  600  feet, 
which  it  will  reach  at  385  feet  from  its  present  termination  if  they 
continue  in  a  regular  manner  to  that  depth.  Assays  of  three  samples 
are  appended :  — 


Oswego  Ironworks,  P.tt.A. 

(I.)  (2) 

Per  Cent.  J'er  Out. 

lion        67*250  64*970 

Silica      2-040  4-810 

Phosphorus        ...       0;258  0*155 

Sulphur 0-232  0-182 


Trail  Smeller,  B.C. 


Iron    ... 
Silica  ... 

Gold    ... 


(3.) 
Per  Cent. 

02-10 
4  00 


Ounce. 

0  02 


MINING   DISTRK  TS  OF  BRJTISH  COLUMBIA. 


371 


Due  north  of  this  mine  lie  the  Trent  and  some  other  claims  in  which 
copper  occurs  in  the  same  kind  of  rocks,  which  at  one  period  were 
evidently  united  to  those  of  Cherry  Bluff.  Cinnabar  and  copper  also 
cur  there  in  dolomite.  The  granite,  wherever  it  carries  copper,  is  con- 
siderably altered  and  traversed  by  veins  of  dolomite  and  lime.  On  the 
Trent  claim,  the  principal  deposits  of  copper  seem  to  run  irregularly 
through  zones  of  decomposed  granite,  which  are  heavily  charged  with 
iron-pyrites.  The  strike  is  north  and  south,  the  dip  being  nearly  vertical, 
and  their  character  is  somewhat  altered  where  they  are  crossed  by  the 
calcareous  veins,  which  lie  nearly  flat  (Fig.  5,  Plate  XII L). 


Fig.  12. — View  of  Aerial  Cable- way  of  the  Glen  Iron-mine. 

Before  leaving  this  area  of  gabbros  and  diorites,  the  writer  may  say 
that  it  would  seem  as  if  all  the  ore-deposits  in  them  are  veins  of  replace- 
ment, the  vein-filling  of  which  has  been  deposited  by  thermal  waters 
rising  along  the  line  of  fissures  in  the  gabbro  and  kindred  rocks.  These 
waters  would  replace  the  calcareous  components  of  the  country-rock  by 
oxides  of  iron,  which  were  probably  derived  from  the  pyroxene  of  the 
same  rocks.  The  copper  would  be  obtained  from  volcanic  rocks  in  the 
district.  Hornblende  and  labradorite  would  provide  a  large  quantity  of 
lime,  and  would  thus  be  largely  the  source  of  the  calcareous  veins.    Magne- 
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tite  occurs  in  grains  disseminated  through  the  rocks  of  Cherry  Bluff.  The 
veins  usually  have  one  well  defined  wall,  which  is  the  line  of  the  original 
fissure  through  which  the  heated  vapours  ascended,  one  wall  being  indis- 
tinct, and  the  scanty  evidence  which  we  have  before  us  at  present  gives 
reason  to  believe  that  the  ore  will  often  be  found  to  cross  over  to  the  other 
side  of  the  wall,  as  the  solutions  found  it  easier  to  decompose  the  rock 
on  that  side  of  the  fissure.  One  such  well  marked  instance  may  be  seen 
at  the  Glen  iron-mine.  The  writer  may  say,  however,  that  there  are 
other  theories.  One  old  miner  has  informed  him  that  the  mountains 
are  hollow,  and  that  the  metalliferous  solutions  are  still  boiling  and  "siz- 
zling" inside.  We  have  not  as  yet  sunk  or  drifted  far  enough  to  prove 
the  truth  of  this  opinion,  but  perhaps  some  "  bloated  capitalist  "  in  the 
old  country  will  undertake  this  somewhat  dangerous  operation.  If  these 
subterranean  furnaces  could  be  safely  tapped,  we  should  have  another 
source  of  heat  for  industrial  purposes. 

Copper  Creek. — The  developments  on  Coal  Hill  and  Cherry  Bluff 
have  not  so  far  afforded  us  sufficient  data  for  forming  theories  as  to  the 
influence  exerted  on  the  formation  of  ore -bodies  by  different  rocks  and 
contacts,  and  this  in  some  degree  detracts  from  the  interest  that 
scientific  men  would  take  in  those  areas.  This  is  not,  however,  the 
case  with  the  Copper  Creek  district.  Here  it  is  well  seen  what  are 
the  rocks  affecting  the  deposition  of  ores,  and  it  seems  as  if  any  work 
done  along  certain  contacts  which  are  barren  when  first  attacked  will 
show  up  ore,  although  not  necessarily  in  paying  quantities.  The  writer 
will  deal  first  with  the  copper-ores  of  the  district,  as  the  consideration 
of  the  phenomena  attendant  on  the  occurrence  of  cinnabar  will  lead 
us  further  afield.  The  portion  of  the  district  carrying  copper-ores  is  a 
small  one,  lying  immediately  east  of  Copper  Creek  and  forming  Lookout 
Point,  850  feet  above  the  lake  (Fig.  3,  Plate  XII.,  and  Fig.  6, 
Plate  XIII.).  The  extent  of  it  is  about  1  square  mile.  Copper  is 
known  outside  of  this,  but  no  deposits  of  note  have  been  found.  The 
formation  is  of  Tertiary  age,  and  originally  consisted  of  stratified  tuffs 
and  arkose,  the  greater  part  of  which  belongs  to  the  Tranquille  beds. 
These  are  intersected  by  dykes  and  sheets  of  basalt  and  porphyry.  The 
tuffs  have  been  so  contorted  that  their  dips  and  strikes  vary  every  few 
feet.  Through  them  a  dyke  of  augite-porphyry  has  been  thrust.  Its 
direction  is  nearly  north,  its  dip  almost  vertical  and  to  the  east.  It 
throws  out  some  smaller  dykes  running  nearly  at  right  angles.  Its 
thickness  will  average  800  feet.     This  dyke,  as  well  as  the  beds  of  ash, 
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is  intersected  bj  a  sheet  of  basalt,  dipping  45  degrees  east  and  throwing 
oat  iiuiii  t  m<  vertical  or  nearly  vertical  dykes.  This  basalt  is  the  ore- 
bearer  of  the  camp.  The  ore-bodies  of  importance,  so  far  as  known,  are 
all  actually  upon  or  clo^e  to  the  contact  of  the  basalt  and  porphyry. 
The  basalt  itself  carries  some  copper  at  almost  every  point.  Both  of 
these  rocks  carry  the  metal  at  the  contact,  distinct  veins  of  quartz  in 
them  being  of  very  secondary  importance.  The  porphyry  is  traversed 
by  numerous  similar  small  veins,  usually  carrying  grey  copper. 

The  principal  work  has  been  done  on  the  El  Progreso  and  Tender- 
foot claims.  In  both  these  areas,  ore  is  being  followed  which  lies  along 
the  contact  of  the  basalt  and  porphyry.  That  in  the  porphyry  is  bornite, 
while  much  of  that  in  the  basalt  is  copper-pyrites.  One  of  the  principal 
paystreakB  is  a  narrow  dyke  of  basalt  which  has  been  shattered  and 
re-cemented  with  calcareous  veinlets  (Fig.  7,  Plate  XIII.).  The  El 
Progreso  carries  a  good  proportion  of  gold,  while  4  tons  shipped  from 
a  (»  inches  vein  of  dolomite  in  the  Tenderfoot  claim  yielded  21  97  per 
cent,  of  copper  and  some  gold  and  silver.  In  the  El  Ultimo,  a  dyke 
carries  bornite  where  it  is  traversed  by  quartz-veins.  In  the  Caledonia 
a  decomposed  dyke  holds  some  native  copper.  The  composition  of  this 
is  probably  peridotite,  but  it  is  so  rotten  that  this  is  not  easily  ascer- 
tained. In  the  gulch  below,  much  native  coj)per  occurs  from  the 
denudation  of  this.  No  doubt  this  is  where  the  Indians  obtained  their 
copper,  on  account  of  which  they  called  the  stream  hard  by  Copper 
creek.  The  dyke  does  not  seem  to  contain  any  appreciable  quantity 
of  the  metal  now. 

Near  this,  on  the  Last  Chance,  is  a  quartz-vein  containing  molyb- 
denite associated  with  copper-pyrites.  The  copper  of  this  area  is  no 
doubt  derived  from  the  underlying  Nicola  rocks,  as  they  are  traversed  by 
numerous  small  veins  of  copper-pyrites  of  high  grade,  the  metal  in  which 
was  gathered  up  by  the  heated  waters  attending  the  intrusion  of  the 
basalt  and  porphyry,  and  deposited  in  the  fissures  opened  in  them  during 
the  period  of  their  cooling.  It  is  very  likely  that  the  disturbances 
which  resulted  in  the  production  of  granite  eastward  of  the  creek  had 
partially  concentrated  the  copper  previous  to  the  intrusion  of  these 
volcanic  rocks.  There  is  reason  to  suppose  that  this  granite  belongs 
to  the  end  of  the  Nicola  period.  This  would  explain  why  the  metal 
is  only  found  in  appreciable  quantities  over  such  a  limited  area.  Nearly 
all  the  later  Tertiary  dykes  in  this  area  contain  some  copper. 

Copper  occurs  west  of  Mamit  lake  (Fig.  2,  Plate  XII.)  in  black 
basaltic  rock  at  its  contact  with  porphyry.     Shipments  have  yielded  9 
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per  cent.,  and  it  seems  to  be  irregularly  distributed  through  the  rock. 
The  surface-soil  is  very  heavy  in  that  locality.  It  also  occurs  on  Criss 
creek  and  Deadinan  river,  and  Jacko  lake  on  the  south  side  of  the 
granitic  area  of  Coal  hill  seems  to  be  destined  to  take  a  prominent  place 
in  the  mining  industry.  Intrusive  volcanic  rocks  of  later  date  are  there 
in  contact  with  the  gabbros.  It  is  noteworthy  that  nearly  all  the 
deposits  of  copper  are  near  outcrops  of  the  Tranquille  ash-beds. 

On  the  west  side  of  Copper  creek*  is  a  zone  of  dolomites  and  porphyries 
which  overlie  the  Coldwater  (Oligocene)  conglomerates  (Fig.  3,  Plate  XII.). 
In  irregular  quartz-and  calcite-veins  through  these  cinnabar  is  found. 
The  general  direction  of  the  veins  is  north  and  south.  Cinnabar  is 
found  in  the  country-rock  as  well  as  in  the  veins.  A  considerable  sum  has 
been  spent  at  the  mouth  of  the  creek  in  mining  in  these  rocks  but  without 
success.  A  furnace  was  built  to  treat  the  low-grade  ore,  with  the  result 
that  one  may  now  wash  quicksilver  in  the  creek  below  it.  Parallel  levels 
were  driven  into  the  mountain-side,  and  the  works  now  resemble  a  huge 
rabbit-warren.  Under  the  earlier  management  they  produced  7,865  lbs. 
of  quicksilver  from  high-grade  ore.  This  quicksilver  zone  extends  for  a 
great  distance,  crossing  Copper  creek  higher  up,  where  it  is  again  found 
to  contain  cinnabar  at  Hardy  mountain.  In  that  locality  it  occurs 
disseminated  in  dolomite  and  in  an  altered  rock  which  appears  to  be 
volcanic  ash,  also  in  rich  little  veins  traversing  these,  and  in  the  channels 
of  extinct  hot  springs.  The  best  ore  is  a  brecciated  quartz  cemented 
with  lime. 

On  this  same  zone,  cinnabar  was  discovered  by  Mr.  A.  J.  Colqu- 
houn  at  Toonkwa  lake  last  year.  This  place  is  12  miles  south  of 
Savona.  There  is  but  little  rock  showing,  but  the  zone  appears  to  be 
of  considerable  width.  Between  these  two,  near  Kamloops  lake, 
dolomite  and  dolomitized  rocks  about  1,000  feet  wide  are  seen  at  several 
points  to  carry  cinnabar.  Throughout  the  upper  part  of  the  Nicola 
(Triassic)  series,  especially  near  the  western  end  of  Kamloops  lake,  a  little 
cinnabar  may  be  found. 

North  of  Copper  creek,  on  Criss  creek  and  Deadman  river,  cinnabar 
occurs  in  the  Tertiaries,  and  there  seems  to  be  a  most  promising  district 
about  3  miles  up  Criss  creek,  where  the  zone  of  cinnabar-bearing 
dolomites  runs  north-west  and  lies  near  granite.  This  zone  lies  west  of 
the  other,  but  may  be  the  same  one  faulted.  It  is  noteworthy  that 
the  Copper  creek  zone  has  at  one  end  two  small  areas  of  granite  and  in 
the  immediate  neighbourhood  of  Hardy  mountain  mines  another  granitic 

*  Trans.  Inst.  M.E..  vol.  xiii. ,  page  592,  Mr.  H.  Merritt  on  the  "  Occurrence  of 
Cinnabar  in  British  Columbia." 
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urea.  Tn  the  granite  of  Copper  creek  some  cinnabar  occurs.  Near  the 
Trent  mine,  cinnabar  is  found  in  dolomite  close  to  another  granite-area. 

The  dolomites  containing  cinnabar  have  been  traced  by  Mr. 
Oolqnhonn  10  miles  north  of  their  occurrence  on  Criss  creek.  These 
dolomites  may  be  in  part  the  result  of  alteration  of  other  rocks,  but 
would  seem  from  their  permanence  and  the  fact  that  they  coincide  with 
the  line  of  strike  and  dip  of  the  bedded  rocks  of  the  district,  to  be  in 
part  at  least  a  sedimentary  formation.  The  strata  of  the  district  are 
throughout  so  heavily  faulted  that  it  is  extremely  difficult  to  classify 
them.  The  work  of  the  Geological  Survey  in  this  district  is  very  rough, 
(probably  on  account  of  the  great  area  to  be  traversed  by  a  very  small 
party),  especially  in  the  outlying  districts,  Criss  creek,  for  instance, 
but  it  affords  a  good  groundwork  on  which  to  base  observations. 

About  10  miles  up  the  Criss  creek,  a  new  mineral  district  is  being- 
developed  at  Skomallus  (an  Indian  word  meaning  an  "  open  space "). 
The  mineral  is  found  near  to  the  contact  of  the  sandstones,  limestones 
and  conglomerates  of  the  Coldwater  series  .with  a  mass  of  granite.  The 
principal  deposit  is  that  of  the  Mersey  mine,  where  for  100  feet  in  width 
the  stratified  rocks  near  the  contact  are  traversed  by  small  quartz  and 
lime  veins  running  north.  These  carry  zinc-blende,  galena  and  copper- 
pyrites,  the  first  prevailing  on  the  eastern  side,  and  galena  in  the  centre. 
The  talcose  quartz  between  them  carries  iron-pyrites.  Fifteen  feet  on 
the  eastern  side  yield  from  15  to  26  dwts.  of  gold  per  ton  and  a  little 
silver.  On  the  extreme  eastern  side,  a  2  feet  vein  of  quartz  carries  over 
1  ounce  of  gold  per  ton.  This  ore-body  is  exposed  in  the  river-bed  and 
on  the  banks,  and  is  now  being  developed.  There  are  many  other  lodes 
in  the  locality,  notably  some  of  quartz  with  mispickel  which  are  20  feet 
wide,  but  not  yet  found  to  be  of  value  (Fig.  13). 

In  conclusion,  the  writer  may  say  that  while  this  district  is  new  and 
but  little  work  has  been  done  it  should  come  into  prominence  rapidly  as 
development  is  pushed,  transportation  being  so  easily  available.  The 
cost  of  mining  will,  of  course,  vary  with  the  rock,  but  sinking  a  9  feet  by 
5  feet  shaft  costs  £3  per  foot  in  dolomite,  £4  in  porphyries  and  gabbros, 
and  £7  in  basalts  and  the  harder  granites.  Drifting  costs  per  foot  in 
dolomite,  16s.  ;  in  porphyries  and  gabbros,  £1  ;  in  basalts  and  granites, 
£2.  Treatment  calls  for  an  expenditure  of  £2  10s.  per  ton,  including 
freight,  in  the  case  of  copper-ores  which  have  to  be  shipped  400  miles, 
and  the  copper  is  paid  for  at  three-fifths  the  market  price.  Cinnabar- ore 
should  be  treated  for  4s.  per  ton  so  that  0-l  per  cent,  should  pay  for 
treatment  at  present  prices. 
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Conglomerates  and  Placers. 

In  addition  to  deposits  of  metallic  minerals  in  veins,  gold  is  found 
within  this  area  in  conglomerates  of  Tertiary  age,  aud  also  in  gravel 
which  in  part  dates  from  the  Glacial  Epoch,  but  is  for  the  most  part 
more  modern  and  caps  the  river  terraces. 

The  conglomerates  have  been  but  little  tested,  but  would  probably  be 
well  worth  investigating,  as  they  have  been  found  to  carry  gold  at  several 
points  and  could  be  quarried  for  milling  at  a  very  slight  expenditure. 
The  gold  would  be  free,  so  that  the  ore  should  not  cost  more  than  2s.  per 
ton  to  mill.    It  must,  however,  be  pointed  out  that  much  prospecting  and 
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Fig.   13. — View  of  the  First  Miner's  Camp  at  Sko.mallus. 

testing  would  be  necessary  before  proceeding  to  deal  with  them.  Some  of 
the  conglomerates  have  been  much  altered  by  the  heat  of  the  volcanic 
intrusions  which  have  broken  into  them,  and  the  writer  would  suppose 
that  would  be  the  best  to  test,  as  the  gold  might  be  collected  into  pay- 
streaks.  The  conglomerates  attain  an  enormous  width  at  certain  points. 
Placer-gold  has  been  found  on  the  Tranquille  river,  which  is  believed 
to  have  yielded  a  very  considerable  sum,  and  on  Criss  creek,  where  the 
conglomerates  are  supposed  to  have  been  its  source  (as  to  this  the  writer 
has  great  doubts),  on  Jamieson  creek,  and  on  the  Thompson  river  below 
Kamloops  lake.  In  all  these  cases  it  is  confined  to  thin  paystreaks,  rarely 
exceeding   6   inches  in   thickness,  and   is   not  likely  to  furnish  a  large 
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output  in  the  future.  Many  other  streams  will  yield  a  prospect,  but  not 
Bllfficient  to  pay  interest  on  the  capital  expended  in  purchasing  a  pan,  and 
a  man  does  well  if  he  can  make  Cs.  a  day  in  the  season  of  low  water.  A 
new  paystreak,  which  promised  satisfactory  results,  had  recently  been 
found  in  Criss  creek,  laying  upon  the  bed-rock  ;  while  the  deposits, 
previously  worked,  lay  several  feet  above  it  (Fig.  14). 

When  the  mines   are   more   developed,  which  will  be   in  about  a 
year's  time,  the  writer  will  endeavour  to  show  the  results  of  the  work  in 


Fig.  14.— Cleaning-up  on  a  Placer-claim. 

a  paper  supplementary  to  this.     Work  is  the  only  thing  that  will  make 
mines. 


Accompanying  the  paper  is  a  reduced  plan  of  part  of  the  Canadian 
Geological  Survey  map,  an  enlargement  by  the  author  of  the  district 
immediately  contiguous  to  Kamloops  lake,  and  other  plans  and  sections. 
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The  writer's  best  thanks  are  due  to  several  gentlemen  for  assistance 
given  him  when  he  was  inspecting  properties  for  the  purpose  of  writing 
this  paper,  more  especially  to  Mr.  Wentworth  F.  Wood,  assayer,  Kam- 
loops,  and  Mr.  A.  J.  Colquhoun,  mining-engineer,  who  has  made  a 
special  study  of  the  cinnabar-occurrences. 


The  Chairman  moved  a  vote  of  thanks  to  Mr.  G.  F.  Monckton  for 
his  valuable  paper,  and  the  resolution  was  cordially  adopted. 


Mr.  George  Lewis  (Derby)  moved  that  the  thanks  of  the  members 
be  accorded  to  the  Reception  Committee  of  the  Midland  Institute  of 
Mining,  Civil  and  Mechanical  Engineers,  to  the  President  and  Council 
of  the  University  College,  Sheffield,  to  Messrs.  William  Cook  &  Co., 
Limited,  Messrs.  John  Brown  &  Co.,  Limited,  the  Denaby  and  Cadeby 
Main  Colliery  Company,  Limited,  and  Hadfield's  Steel  Foundry  Com- 
pany, Limited,  for  having  opened  their  works  and  collieries  for  the 
inspection  of  the  members,  and  to  Mr.  J.  A.  Longden  and  Mr. 
W.  D.  Holford  for  kindly  arranging  for  an  excursion  of  the  members 
to  Castleton. 

Mr.  M.  Walton  Brown  seconded  the  resolution,  which  was  cordially 
adopted. 


Mr.  John  Batey   moved  that  a  vote  of  thanks  be  given  to  Mr. 
H.  C.  Peake  for  his  services  in  the  chair. 

Mr.  A.  Sopwith  seconded  the  resolution,  which  was  unanimously 
adopted. 


The  following  notes  record  some  of  the  features  of  interest  seen  by 
the  visitors  to  collieries  and  works,  etc.,  which  were,  by  kind  permission 
of  the  owners,  open  for  inspection  during  the  course  of  the  Sheffield 
Meeting  on  September  19th,  20th  and  21st,  1899 :— 
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CADEBY  MAIN  COLLIERY. 

Cadeby  colliery  is  situate  about  4£  miles  west  of  Doncaster,  and 
is  at  present  the  easternmost  and  deepest  colliery  in  the  Yorkshire 
coal-field. 

Two  shafts,  each  16  feet  in  diameter  and  264  feet  apart,  were  sunk  in 
1889-1802,  close  to  and  on  the  deep  side  of  the  North  Don  fault,  which 
has  here  a  throw  of  about  400  feet.  The  sinking  of  the  first  270  feet 
was  through  Boulder  Clay,  followed  by  fissured  sandstone.  Immense 
volumes  of  water  were  met  with  in  sinking  to  this  depth,  and  two  years 
elapsed  from  the  commencement  of  operations  before  the  ingress  of  water 
was  stopped,  by  lining  the  shafts  with  tubbing  to  a  depth  of  405  feet.* 

The  Barnsley  coal-seam  was  reached  at  a  depth  of  2,250  feet,  the 
section  bein£ 


'■- 


Feet. 

Indies. 

1 

1 

0 

6 

1 

3 

1 

11 

3 

4 

2 

0 

COAL,  soft  (Day-beds) 
Bags  dirt 

COAL,  soft  (Bags)     ... 
COAL,  soft  (Tops)     ... 

COAL,  hard 

COAL,  soft  (Bottoms) 

Total ...       10        1 

The  system  of  working  is  longwall,  each  bank  being  120  feet  in 
length. 

The  haulage  mainly  consists  of  endless-ropes,  to  which  the  corves  are 
attached  by  chains.  There  are  also  two  self-acting  inclines,  about  2,100 
feet  long.  At  present,  the  haulage  is  being  driven  by  a  horizontal 
engine,  having  2  cylinders  each  24  inches  in  diameter  by  4  feet  stroke, 
the  steam  being  conveyed  down  the  upcast  shaft.  Arrangements  are 
being  made  to  replace  the  steam-engine  by  electric  motors. 

The  winding-engine  at  the  downcast  shaft  has  a  pair  of  cylinders,  45 
inches  in  diameter  by  6  feet  stroke,  fitted  with  Daglish  trip  gear,  steam- 
reverser  and  Daglish  disconnector  to  the  trip-gear,  in  order  to  give  the 
engineman  full  control  of  the  engine  at  any  part  of  the  journey.  The 
drum  is  partly  scroll  and  partly  parallel,  the  scroll  portion  commencing 
with  a  diameter  of  18  feet,  the  larger  diameter  being  33  feet,  and  the 

*  Trans.  Inst.  M.E.,  vol.  iii.,  page  513. 
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drum  then  becomes  parallel.  The  winding  ropes  are  of  plough-steel, 
5|  inches  in  circumference.  The  cages  have  4  decks,  2  tubs  carrying  10 
cwts.  each  being  placed  on  each  deck,  and  the  cages  are  loaded  and 
unloaded  by  hydraulic  machinery,  designed  by  Mr.  W.  H.  Chambers. 

The  head-stocks  are  of  latticed  steel,  which  along  with  nearly  all  the 
other  surface  plant  was  built  on  the  works. 

The  whole  of  the  heapstead  is  built  of  steel,  and  is  as  yet  incomplete 
and  only  partially  fitted  with  screening  arrangements.  Two  self-acting 
tipplers  are  erected,  discharging  upon  two  Chambers  screens,  which  are 
at  present  dealing  with  about  1,800  tons  per  day. 

The  whole  of  the  small  coal  is  conveyed  to  a  Humboldt  washing- 
machine  with  a  capacity  of  100  tons  per  hour. 

Ventilation  is  produced  by  a  Schiele  fan,  21  feet  in  diameter,  driven 
by  an  horizontal  engine  with  a  cylinder  40  inches  in  diameter  by  4  feet 
stroke.  Provision  has  been  made  for  duplicating  both  engine  and  fan, 
when  necessary. 

There  are  16  Lancashire  boilers,  30  feet  long  by  7 J  feet  in  diameter, 
fitted  with  Meldrum  furnaces. 

The  workshops  are  built  in  one  block  and  consist  of  a  large  fitting 
and  erecting  shop,  provided  with  a  20  tons  travelling  crane,  lathes, 
and  machines  for  drilling,  punching,  screwing,  planing,  etc.  The 
adjoining  blacksmith's  shop  has  8  hearths,  a  steam-hammer,  etc.  There 
is  also  a  large  carpenter's  shop  for  general  work,  a  small  shop  for  pattern- 
making,  and  a  corf  making  and  repairing  shop  fitted  with  2  blacksmiths' 
hearths,  screwing-machine,  etc.  There  are  also  stores  and  sawmills. 
Above  the  stores  are  placed  workshops  for  the  plumbers  and  sadlers, 
laboratory,  etc. 

The  Luhrig  washer  has  a  capacity  of  50  tons  per  hour,  it  is  connected 
with  the  pit-bank  by  a  gantry  on  which  tubs  are  conveyed  by  an  endless- 
chain.     This  washer  cleans  the  small  coal  required  by  the  coke-ovens. 

There  are  180  Chambers  improved  bee-hive  coke-ovens,  externally 
heated  by  an  arrangement  of  flues  underneath  them,  producing  good 
foundry  coke.  There  are  also  in  course  of  erection  a  number  of 
Chambers  coke-ovens,  30  feet  long  by  6  feet  wide. 

The  whole  of  the  plant  has  been  laid  out  to  deal  with  an  output  of 
5,000  tons  per  day,  when  the  colliery  is  fully  developed. 
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EAST  HECLA  AVORKS :  MESSRS.  HADFIELD'S  STEEL 
FOUNDRY  COMPANY,  LIMITED. 

The  original  Hecla  Works  are  now  as  large  as  the  available  ground 
at  Attercliffe  will  admit,  and  land  has  been  acquired  at  Tinsley  (closely 
adjacent  to  the  Great  Central  Railway)  to  the  extent  of  about  50  acres, 
on  which  has  already  been  erected  the  machining,  annealing,  grinding, 
smithy  and  other  shops.  The  new  foundry  was  in  course  of  construc- 
tion, but  from  what  could  be  seen  of  the  work  in  progress  everything 
appeared  to  indicate  an  extensive  area  ;  and  when  completed  it  will  be 
one  of  the  largest  and  most  completely  equipped  foundries  in  this 
country. 

The  main  foundry  building  is  600  feet  long  and  134-  feet  wide,  and 
there  are  two  supplementary  foundries,  120  feet  by  126  feet  and  370 
feet  by  60  feet.  The  area  covered  is  131,500  square  feet,  with  a  sky- 
light area  of  54,000  square  feet.  About  3,000  tons  of  steel  has  been 
used  in  the  erection  of  the  foundry.  No  cast-iron  or  woodwork  has 
been  used  in  the  construction,  and  all  columns  are  built,  either  of  box 
section  or  braced,  according  to  the  load.  The  shops  will  be  fitted  with 
a  large  number  of  overhead  and  jib  electric  cranes,  and  will  be  lighted 
by  incandescent  lamps. 

There  is  a  complete  equipment  of  drying-stores  and  shops  for  the 
treatment  and  storage  of  refractory  materials  used  in  steel-foundries  and 
furnaces. 

Adjoining  the  foundry  are  the  boilers  and  engine-houses  for  the 
electric-plant.  There  will  be  11  Lancashire  boilers,  and  6  are  installed 
at  present.  The  electric-power  plant  will  comprise  5  engines  and 
dynamos,  3  of  which  are  now  being  erected  of  over  1,000  horsepower. 
The  surface-condensing  plant  is  capable  of  dealing  with  2,000  horse- 
power, and  is  supplied  with  circulating- water  from  the  river  Don 
through  a  culvert  600  feet  long.  There  are  also  4  Lancashire  boilers, 
working  steam-hammers,  etc.,  adjoining  the  machine-shops. 

The  members  witnessed  the  various  processes  through  which  the 
steel  castings  have  to  pass  before  they  are  ready  for  being  despatched  to 
the  consumer.  Castings  for  collieries  seemed  to  predominate,  such  as 
tub-wheels,  haulage-rollers,  pulleys,  etc.  The  work  has  been  systemati- 
cally specialized,  so  that  several  thousand  tub-wheels  are  made  per  week, 
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and  in  the  new  department,  specially  devoted  to  the  manufacture  of  tubs 
or  corves,  they  are  able  to  turn  out  several  hundreds  per  week. 

A  model  tramway  (which  had  been  specially  erected;  showed,  in 
actual  work,  an  improved  tub-greaser,  a  tub  controller,  the  W.  &  S.  clip, 
Hadfield  self-lubricating  rollers  and  pulleys,  as  well  as  Eowbotham 
self- oiling  wheels  and  axles. 

The  superiority  of  the  Sylvester  prop-withdrawer  was  demonstrated, 
an  appliance  with  which  props  can  be  withdrawn  with  less  risk  to 
life  and  limb  than  is  possible  with  the  appliances  ordinarily  in  use. 

The  members  also  saw,  in  various  stages  of  manufacture,  cylinders 
lor  hydraulic-presses,  wheel-centres,  horn-blocks  for  locomotives,  buckets 
and  pins  for  dredgers,  castings  for  dynamos,  and  various  types  of 
armour-piercing  projectiles,  as  well  as  common  and  shrapnel  shell  of 
different  calibres. 

There  was  a  large  display  of  castings  and  forgings  made  of  Hadfield 
manganese  steel,  which  has  attained  wide  celebrity  and  extensive  appli- 
cation for  the  great  resistance  it  offers  to  abrasive  action.  It  is  specially 
suited  for  all  conditions  of  severe  service,  and  where  ordinary  steel 
wheels  have  not  given  satisfaction  they  have  been  abandoned  in  favour 
of  manganese  steel.  The  material  is  so  hard  that  it  cannot  be  machined, 
and  is  largely  used  for  the  jaw-faces  and  wearing-parts  of  crushing 
machinery,  for  the  links  and  pins  of  elevators  and  conveyors,  for  colliery 
screens  and  many  other  purposes. 


THE  TINSLEY  STEEL,  IRON  AND  WIRE-ROPE  WORKS  : 
MESSRS.  WILLIAM  COOK  &  COMPANY,  LIMITED. 

The  manufactures  include  wire-ropes,  iron  and  steel  bars,  pig-iron, 
horse-shoes,  channel-steels  for  indiarubber-tyres  and  wire-rods. 

The  members  were  shown  the  systematic  methods  of  testing  the 
individual  wires  in  the  wire-warehouse,  before  it  was  passed  into 
the  spinning-shops.  The  test-books  showed  that  each  end  of  every 
piece  of  wire  was  subjected  to  five  tests,  namely,  one  tensile,  one  torsion, 
one  elongation  and  two  bending  tests. 

In  the  spinning-factory  the  wire  as  received  from  the  warehouse  is 
wound   upon  bobbins   and   transferred   as   required   to   the   stranding- 
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machines,  where  the  first  operation  of.  spinning  is  done.  The  strands  are 
automatically  coiled  on  large  bobbins,  which  (when  full)  are  transferred 
to  the  finishing-  or  closing-machines,  where  the  rope  is  laid  and 
automatically  wound  into  a  coil.  The  coils,  when  tied  up,  are  dipped 
into  a  large  oil-tank. 

An  endless-hauling  rope  was  being  closed,  oiled  and  wound  upon  a 
large  drum  fixed  on  a  railway- wagon,  which  would  be  sent  to  the  colliery, 
and  with  the  help  of  a  powerful  brake,  the  rope  could  be  lowered  down 
the  shaft  and  drawn  through  the  workings  by  the  old  rope.  This  method 
saves  time  and  labour,  and  was  introduced  at  these  works,  where  there 
are  three  reels  with  capacities  of  25,  15  and  5  tons. 

The  rope-making  machinery  is  driven  by  a  high-pressure  engine,  with 
a  p.iir  of  cylinders,  15  inches  in  diameter  by  28  inches  stroke,  of  the  most 
modern  type. 

The  wire-rod  mill  rolls  steel-billets,  3  inches  square  down  to  a  rod 
-^g  inch  in  diameter,  in  one  operation,  the  rod  being  coiled  by  a  steam- 
winch.  This  mill  has  an  output  of  about  160  tons  per  week,  and  nearly 
the  whole  of  the  rods  are  used  for  wire-rope  making. 

The  two  blast-furnaces  are  supplied  with  iron-ore  from  the  company's 
own  mines  at  Frodingham,  Lincolnshire.  The  pig-iron  is  subsequently 
mixed  with  haematite  or  Swedish  pig-iron,  puddled  and  rolled  into  finished 
bar-iron,  the  bulk  of  which  is  used  for  links,  shackles,  cages,  drawbars, 
spring-hoops,  etc.  This  department  has  an  output  of  about  500  tons 
per  week. 

Four  mills,  each  20  inches,  14  inches,  10  inches  and  9  inches  in 
diameter,  were  seen  rolling  bar-iron. 

A  large  number  of  channel- steels  for  indiarubber-tyres  were  shown 
for  use  on  cabs,  carriages,  omnibuses  and  motor-cars. 

Horse,  pony  and  mule  shoes  are  made  by  machinery  from  the  iron 
produced  in  the  works.  They  are  made  of.  every  size  in  use  and  any 
pattern  required,  but  standard  patterns  have  been  designed,  and  are  kept 
in  stock,  ready  for  delivery. 

Most  of  the  boilers  are  heated  by  the  waste-gases  from  the  blast- 
furnaces, puddling-furnaces,  and  mill-furnaces. 

The  works  are  lighted  by  electricity,  and  a  10  tons  electric  crane  is 
in  use  in  the  rope-factory. 

Three  locomotives,  150  rail  way- wagons  and  30  horses  and  wagons 
convey  the  company's  goods. 
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The  members  visited  the  armour-plate  rolling-mill,  and  saw  the 
rolling  of  a  thick  plate  for  one  of  H.M.  warships  ;  together  with  the 
processes  of  annealing,  tempering,  and  chilling  the  plates. 

In  the  forging  department,  the  hydraulic  forging-press  of  4,000  tons 
power  is  used  for  marine  shafting,  etc.  ;  and  the  10,000  tons  hydraulic 
press  for  pressing  armour-plates. 

The  marine-shafting  and  machine  shops,  and  marine -furnace  shop 
were  also  visited. 
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Report  of  the  Committee  of  the  North  of  England  Insti- 
tute of  Mining  and  Mechanical  Engineers,  and  the  Midland 
Institute  of  Mining,  Civil  and  Mechanical  Engineers.! 


By  M.  WALTON  BROWN. 


I. — Introduction. 

At  a  meeting  of  the  Committee  held  in  London,  on  June  6th,  1888, 
Mr.  John  Daglish  was  elected  chairman,  and  Mr.  M.  Walton  Brown  as 
reporter  and  secretary.  The  Committee  agreed  that  the  experiments 
should  be  restricted,  at  first,  to  those  collieries  where  two  fans  of  different 
types  were  erected  upon  the  same  shaft,  and  where  experiments  could  be 
made  upon  both  fans,  when  working  under  precisely  the  same  conditions. 

At  the  same  meeting,  the  instructions  to  the  engineers  compiled  by 
the  writer  were  approved  (Appendix  A),  under  which  the  experiments 
were  to  be  conducted. 

The  Committee  communicated  with  H.M.  Inspectors  of  Mines  and 
others  so  as  to  ascertain  the  collieries  where  two  fans  of  different 
constructions  were  erected  at  the  same  mine,  in  order  that  arrangements 
might  be  made  for  experiments  upon  a  number  of  typical  fans,  when 
working  under  exactly  the  same  conditions. 

This  information  was  readily  furnished  to  the  Committee,  and  intro- 
ductions were  obtained  to  the  owners  and  managers  of  these  collieries. 

II. — Object,  Description  and  Programme  of  the  Experiments. 
The  Committee  considered  it  desirable  that  all  the  experiments  should 
be  carried  out  under  exactly  similar  conditions,  by  the  same  engineers, 
with  every  care  and  system,  in  order  that  the  results  should  afford  exact 
and  useful  information  as  to  the  relative  efficiencies  and  deficiencies  of 
the  various  ventilators  tested. 

*  The  labours  of  the  Committee  were  considerably  lightened  by  their  being  able 
to  use  the  valuable  Report  on  Mechanical  Ventilators  made  by  a  Committee  of  the 
dociete  de  l'lndustrie  Minerale,  Bulletin,  1878,  series  2,  vol.  vii.,  pages  477  and  713. 

fThe  members  of  the  Committee  were  : — Sir  Lindsay  Wood,  Bart.,  and  Messrs. 
W.  Armstrong,  E.  Bain  bridge,  M.  Walton  Brown  (Reporter  and  Secretary),  T. 
Forster  Brown,  T.  Carrington,*  W.  Henry  Chambers,  J.  Daglish  (Chairman), 
T.  W.  Embleton,*  G.  B.  Forster,  W.  E.  Garforth,  W.  Garnetr,  VV.  II.  Greenwood, 
A.  S.  Herschel,  VV.  M.  Hicks,  George  May,  J.  H.  Merivale,  Joseph  Mitchell,*  J.  Nevin, 
M.  Nicholson,  C.  E.  Rhodes,  A.  L.  Stcavenson,  H.  Stroud  and  G.  Blake  Walker. 
Messrs.  W.  .J.  Bird*  and  T.  W.  H  Mitchell  were  the  Engineers  to  the  Committee 
and  most  ably  conducted  the  various  experiments.     ("*  Deceased.] 
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(a)  Selection  of  Ventilators. 

The  experiments  were  solely  confined  bo  the  merits  of  the  ventilators, 
irrespective  of  the  ventilation  produced  in  the  mine  being  sufficient  for 
its  requirements. 

The  Committee  had  a  somewhat  large  list  of  ventilators  in  use  from 
which  to  make  a  selection,  and  Table  A  contains  particulars  of  the  fans 
which  were  ehosen  as  most  suitable  for  the expe riments. 

Table  A. — Dimensions  of  Ventilators  Tested. 


Name  of  Colliery  and 
Type  of  Ventilator. 

Date  of 
Erec- 
tion. 

Diameter 
of  Fan. 

Diameter 
of  Inlet. 

Width  of  Fan. 

Revolutions 

per  Minute 

at  Normal 

Velocity. 

No.  of 
Vanes. 

At 
Periphery. 

At 
Inlet. 

<  'w  maman — 
Guibal 

1873 

Ft. 
30 

In. 

0 

Ft. 
10 

In. 

2 

Ft.    In. 
10      0 

Ft.    In. 
10     0 

63-66 

10 

Waddle 

1S87 

30 

0 

12 

0 

1      4 

3     6 

63-66 

20 

Great  Western — 

Guibal  ... 

1876 

40 

0 

14 

0 

12      0 

12     0 

47-74 

10 

Schiele  ... 

1885 

15 

3 

8 

8 

3      9 

6     0 

125-23 

12 

National — 

Schiele  ... 

1886 

15 

3 

8 

10 

3     0 

6     0 

125-23 

12 

Waddle 

1883 

45 

0 

15 

0 

1     8 

4     2 

42-44 

24 

Pelton— 

Guibal 

1875 

36 

0 

13 

0 

12     0 

12     0 

53-05 

10 

Waddle 

1868 

31 

7-2 

14 

1 

1      2 

3     3 

60-44 

16 

Towneley — 
Schiele  ... 

1889 

12 

0 

7 

6 

2    3 

3     6 

159-15 

12 

Waddle 

1873 

40 

0 

12 

0 

1     6 

4     8 

47-74 

24 

Wingate  Grange — 
Guibal ._... 

1871 

36 

0 

13 

0 

12     0 

12     0 

53-05 

10 

Schiele  ... 

1886 

12 

0 

7. 

3 

2     0 

3     4 

159-15 

12 

The  selected  ventilators  are  all  centrifugal  fans,  and  may  be  divided 
into  two  classes — (a)  Ventilators  of  small  diameter  running  at  a  high 
angular  velocity  ;  and  (b)  Ventilators  of  large  diameter  running  at  a 
much  lower  angular  velocity.  The  first  class  will  comprise  the  Schiele 
fans,  12  feet  and  15  feet  3  inches  in  diameter  ;  and  the  second  class,  the 
Guibal  fans,  30,  36  and  40  feet  in  diameter,  and  the  Waddle  type  of 
fans,  30,  31*6,  40  and  45  feet  in  diameter. 


(b)  Programme  of  the  Experiments. 

The  programme  of  the  experiments  was  drafted  so  as  to  afford  com- 
parative results  for  the  several  ventilators,  irrespective  of  the  relative 
resistances  of  the  mines  ventilated  by  them. 

The  volume  of  air  produced  by  a  ventilator  in  the  unit  of  time, 
through  the  mine  upon  which  it  is  erected,  is  the  chief  element  to  be 
considered  in  the  selection  of  a  ventilator. 
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The  volume  exhausted  is,  however,  a  variable  quantity,  dependent 
upon  the  velocity  of  the  fan  and  the  resistance  of  the  mine. 

These  elementary  ideas  are  often  overlooked  in  experimental  tests 
made  upon  ventilators,  and  it  is  sometimes  difficult  to  make  use  of  the 
results  in  a  satisfactory  manner. 

The  results  produced  by  different  fans  can,  however,  be  compared  with 
accuracy  if  they  are  tested  at  similar  circumferential  velocities,  and  the 
comparison  should  be  extended  by  a  series  of  experiments  made  under  the 
various  conditions  which  may  be  presented  by  the  workings  of  the  mine, 
by  varying  the  resistances  of  the  mine  to  the  passage  of  the  air. 

(c)  Velocity  of  the  Ventilator. 

The  variations  ol  the  velocity  of  the  ventilator  are  eliminated  in  the 
comparison  of  experiments  by  the  application  of  the  principle  that  for 
a  mine  of  any  degree  of  resistance  the  volume  of  air  exhausted  by  a 
ventilator  is  proportional  to  its  velocity.  The  volume  produced  by  a 
ventilator  overcoming  any  resistance  to  the  circulation  of  the  air  at  the 
speed  at  which  the  experiment  is  made,  is  transformed  by  a  simple 
calculation  into  the  volume  that  might  have  been  produced  if  the  venti- 
lator had  been  running  at  any  other  required  velocity. 

The  point  was  considered,  as  to  the  velocity  at  which  the  results  given  by 
the  various  ventilators  should  be  compared.  There  are  known  practical 
limits  within  which  ventilators  yield  satisfactory  results,  and  it  was  not 
difficult  to  conceive  that  there  was  a  mean  or  normal  velocity  at  which 
all  fans  might  be  run  for  purposes  of  comparison. 

In  the  case  of  centrifugal  fans,  the  normal  velocity  may  be  determined 
with  some  precision.  It  happens,  from  their  mode  of  action,  that  their 
angular  velocity  varies  inversely  with  their  diameters,  and  there  is  no 
difficulty  in  producing  comparative  equality  in  the  lineal  velocity  of  the 
tip  of  the  vanes  of  the  two  classes  of  fans. 

After  careful  consideration  of  numerous  observations  -upon  the  fans 
proposed  to  be  tested  and  of  other  centrifugal  fans,  it  was  decided  that 
the  normal  velocity  of  the  fans  to  be  tested  should  be  taken  at  G,000  feet 
per  minute,  measured  at  the  tips  of  the  vanes. 

The  comparison  of  the  volumes  and  water-gauges  produced  by  the 
several  fans,  under  various  degrees  of  resistance  of  the  mine,  was  therefore 
made  under  these  conditions. 

(<l)  Resistance  of  the  Mine. 
As  regards  the   variable  resistances  of  the  different   mines   to  the 
circulation  of  the  air,  it  appeared  to  the  Committee  that  the  idea  of  the 
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e  [uivalenl  orifice  of  bhe  mine  was  capable  of  yielding  useful  and  practical 
results  when  applied  to  experiments  of  the  number  and  nature  undertaken 
by  them. 

Mr.  Daniel  Murgue  was  led  to  consider  that  the  resistance  of  any 
mine  could  he  compared  bo  an  orifice  in  a  thin  plate,  or,  in  other  words, 
that  any  mine  which  was  ventilated  by  a  known  volume  of  air  under  a 
certain  depression  or  water-gauge  was  the  exact  equivalent  to  an  orifice 
made  in  a  thin  plate,  which  allowed  the  passage  of  the  same  volume  of  air 
under  the  same  depression.* 

This  imaginary  orifice  forms,  so  far  as  the  resistances  are  concerned, 
the  exact  mechanical  equivalent  of  the  mine  under  consideration  and  the 
area  of  the  orifice  may  be  taken  as  a  measure  of  the  resistance  of  that 
mine  in  comparison  with  the  resistance  of  any  other  mine.  Consequently, 
by  the  idea  of  the  equivalent  orifice  of  the  mine,  the  resistances  of  all 
mines  can  be  represented  by  orifices,  from  complete  closure  to  the  large 
orifices  of  200  square  feet  found  in  rail  way -tunnels. 

If  the  volumes  produced  by  each  ventilator  through  any  mine,  or 
through  any  equivalent  orifice  (as  every  mine  may  be  represented  by  its 
equivalent  orifice)  are  known,  then  a  curve  may  be  drawn  for  any  fan 
running  at  the  normal  velocity,  whose  abscissas  are  the  equivalent  orifices 
or  inverse  measures  of  the  comparative  resistances  of  the  mines,  and  whose 
ordi nates  represent  the  volumes  of  air  produced. 

Such  a  curve  is  the  characteristic  curve  of  the  ventilator,  and  a  com- 
parison of  a  series  of  these  curves  for  different  types  and  sizes  of  ventilators 
will  determine  the  most  suitable  ventilator  for  any  mine  whose  resistance 
as  measured  by  its  equivalent  orifice  is  known. 

(e)  Experiments. 

A  characteristic  curve  can  be  constructed,  if  for  any  determined 
useful  length,  a  number  of  points  have  been  determined  by  experiments. 

A  curve  can  be  determined  with  some  accuracy  for  a  limited 
length  by  means  of  at  least  five  points,  one  corresponding  to  a  mine  under 
ordinary  working  conditions  ;  two  degrees  of  mines  of  greater  resist- 
ances, produced  by  appropriate  obstructions  placed  in  the  mine ;  and  two 
degrees  of  mines  of  less  resistances  than  under  ordinary  working  condi- 
tions, produced  by  the  opening  of  separation-doors  and  drift-doors,  by 
which  the  entrance  of  the  air  to  the  fan  is  greatly  facilitated. 

By  these  artifices,  observations  were  made  upon  each  fan  running  at 

the  normal  velocity,  upon  the  mine,  and  upon  lour  other  conditions  of 

*  Bulletin  de  la  Societe  de  V Industrie  Minerale,  series  2,  1873,  vol.  ii.,  page  445  ; 
1875,  vol.  iv.,  page  747  ;  and  1877,  vol.  vi.,  page  210. 
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the  mine  offering  different  resistances  to  the  ventilation ;  or,  in  other 
words,  the  volume  of  air  produced  by  each  fan  was  determined  for  at 
least  five  different  conditions  of  the  mine  whose  resistances  varied  to  a 
very  considerable  extent. 

Two  observations  were  also  made  with  the  fans  running  upon  the 
mine  under  ordinary  working  conditions  at  velocities  other  than  the 
normal,  where  possible,  one  at  a  higher  and  the  second  at  a  lower  speed. 
In  other  cases,  two  speeds  were  selected  lower  than  the  normal  velocity, 
where  the  boiler-power  or  heating  of  the  fan-shaft  bearings,  etc.,  prevented 
the  ventilator  being  run  at  the  higher  speed. 

In  most  cases,  tests  were  made  to  ascertain  the  power  absorbed  in  the 
engine  and  fan  when  running  at  a  low  speed,  and  of  the  amount  of 
ventilation  produced  by  natural  means,  with  the  mine  under  ordinary 
working  conditions,  and  the  fans  at  rest. 

In  a  few  instances,  with  the  mine  under  ordinary  working  conditions, 
observations  were  made  as  to  the  volumes  of  air  exhausted  by  each  fan  at 
the  same  depression. 

These  numerous  experiments  furnish  all  the  information  necessary  for 
a  careful  study  of  the  various  ventilators,  not  only  as  to  the  limits  of  the 
practical  velocity,  but  also  in  respect  to  their  dimensions. 

In  every  instance  the  experiments  were  made  at  a  time  when  the 
working  of  the  mine  was  entirely  suspended. 

(/)  Mechanical  Efficiency. 

The  useful  effect  of  a  ventilator  expressed  in  horsepower  is  the 
product  of  the  volume  of  air  in  cubic  feet  per  minute,  the  depression  in 
inches  of  water,  and  the  weight  of  144  cubic  inches  of  water  in  pounds, 
divided  by  33,000  foot-pounds. 

The  horsepower  of  the  engine  was  determined  from  diagrams  taken 
with  a  Richards  indicator  in  the  ordinary  manner.  This  method  is,  of 
course,  subject  to  criticism,  as  being  incorrect,  as  the  indicated  horse- 
power is  diminished  by  the  inherent  resistances  of  the  steam-engine  before 
being  applied  to  the  ventilator.  Various  means  were  considered  for 
measuring  the  power  applied  in  turning  a  ventilator,  but  they  were  all  in 
turn  reluctantly  discarded,  as  none  of  them  could  be  applied  to  all  of  the 
ventilators,  the  subjects  of  the  experiments. 

The  fan  and  the  engine  have  been  considered  as  a  single  machine,  and 
the  mechanical  efficiency  of  the  system  is  the  ratio  of  the  useful  effect  to 
the  indicated  horsepower,  and  is  therefore  somewhat  dependent  upon  the 
degree  of  perfection  of  the  engine. 
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1 1  lb  evident  in  ventilators  of  the  same  type  that  the  mechanical 
efficiency  falls  as  the  volume  decreases.  In  a  theoretically  perfect  centri- 
fugal fan,  the  velocity  of  the  circumference  produces  the  theoretical  depres- 
sion, H,  =   '--*,  and  the  maximum  theoretical  volume,  Vs  =  O'Qbau  <s/2.f 

If  there  wire  no  resistances,  or  losses  of  kinetic  energy  owing  to 
the  various  imperfections  inherent  to  all  classes  of  ventilators,  the 
mechanical  efficiency  of  the  perfect  centrifugal  fan  would  be  unity.  In 
the  case  of  an  ordinary  fan  in  practice  running  at  the  same  circumfer- 
ential velocity,  various  causes  co-operate  in  reducing  the  depression  and 
the  volume  of  air,  and  the  more  the  actual  volume  of  air  falls  below 
the  theoretical  volume  of  air,  the  efficiency  of  the  ventilator  will  be 
similarly  varied,  and  the  mechanical  efficiency  will  decrease  with  the 
variation  of  the  volume. 

(g)  Costs. 

The  costs,  as  kindly  supplied  by  the  various  colliery  companies  are 
given,  and  allow  a  comparison  of  economic  values,  but  this  can  only  be  of 
limited  extent,  as  the  cost  chiefly  depends  upon  factors  independent  of  the 
ventilator,  such  as  foundations,  boilers,  fuel,  cost  of  materials,  and  labour, 
which  varied  largely  at  the  time  the  various  ventilators  were  erected. 

(Ji)  Conclusion. 

It  will  be  seen  that  a  considerable  amount  of  work  has  been  entailed 
in  each  experiment  upon  a  single  fan,  at  least  nine  observers  being 
required,  without  counting  several  workmen  employed  to  open  or  close 
separation-doors,  etc. 

In  many  instances  serious  expenditure  was  incurred  by  the  colliery 
companies  in  alterations  required  for  the  exact  carrying  out  of  the  pro- 
gramme of  experiments. 

Without  ample  voluntary  assistance  the  engineers  would  have  failed 
to  carry  out  the  experiments :  aid  was  freely  and  voluntarily  accorded  by 
all  the  colliery  companies,  who  rendered  every  possible  assistance  through 
their  own  members  and  agents,  and  by  the  services  of  such  workmen 
as  were  required. 

The  Committee  feel  their  indebtedness,  and  would  here  convey  their 
most  hearty  thanks  to  the  colliery  companies  and  others,  who  so  willingly 
afforded  them  every  assistance  in  the  experiments. 

The  thanks   of  the  members  are  also  accorded   to   the   engineers, 
Messrs.  W.  J.  Bird  and  T.  W.  H.  Mitchell,  for  the  very  able  manner  in 
which  they  conducted  the  experiments. 
*    Page  417.         f  Page  411. 
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The  thanks  of  the  Committee  are  also  accorded  to  Messrs.  A.  A.  Atkin- 
son, A.  Nagel,  R.  A.  S.  Redmayne  and  F.  C.  Swallow,  who  are  responsible 
for  the  correctness  of  the  numerous  calculations  and  illustrations  con- 
tained in  this  report. 

III. — Experiments. 

(a)  Description  of  the  Ventilators. 

The  six  collieries  chosen  for  the  experiments  were  all  ventilated  by 
exhausting  fans;  no  colliery,  brought  under  the  notice  of  the  Committee, 
was  provided  with  duplicate  compressing-  ventilating  machinery. 

All  the  ventilators  tested  were  well-known  types  of  centrifugal  fans, 
and  do  not  require  to  be  particularly  described,  beyond  the  short  summarized 
details  of  the  arrangements  of  the  duplicate  fans  at  each  colliery. 

(1)  Gwmaman  Colliery. — This  colliery  is  alternately  ventilated  by  a 
(riiibal  and  a  Waddle  fan. 

The  Gruibal  fan  was  built  by  the  Grange  Iron  Company,  Limited,  of 
Durham,  and  erected  in  1873.  It  commenced  to  work  on  August  10th, 
1874.  The  only  accident  had  been  a  broken  shaft  in  July,  1876,  caus- 
ing a  stoppage  of  about  three  weeks.  The  fan  is  30  feet  in  diameter  and 
10  feet  wide,  the  inlet  being  10  feet  2  inches  in  diameter.  It  has  ten  blades. 
The  shutter  is  fixed  immovably,  the  opening  being  1 0  feet  1  inch  by  3  feet 
6  inches,  or  an  area  of  35*29  square  feet.  At  the  top,  the  chimney  was  9 
feet  9  inches  by  7  feet  lj  inches,  the  area  being  69'46  square  feet.  The 
engine  was  originally  in  duplicate,  but  now  there  is  one  cylinder,  24 
inches  in  diameter  and  2  feet  stroke.  The  exhaust  steam,  when  required, 
can  be  condensed  by  means  of  a  Morton  ejector-condenser,  producing  a 
vacuum  of  from  10  to  12  lbs.  per  square  inch.  A  large  fan-drift  (arched 
with  stone)  but  somewhat  irregular  in  section  connects  the  fan-chamber 
with  the  upcast-shaft,  a  few  feet  below  the  surface  (Fig.  1,  Plate  XV.). 
At  the  point  where  the  air  was  measured,  the  section  was  divided  into  16 
approximately  equal  areas  with  a  total  surface  of  112-26  square  feet 
(Fig.  2,  Plate  XV.). 

The  Waddle  fan  was  built  by  Mr.  J.  R.  Waddle,  of  Llanelly,  and  erected 
and  commenced  working  in  1887.  It  is  30  feet  in  diameter,  16  inches 
wide  at  the  periphery  and  42  inches  at  the  inlet.  The  inlet  being  12  feet 
in  diameter.  It  has  twenty  alternating  long  and  short  curved  blades. 
An  inverted  vertical  marine  engine,  bought  second-hand,  in  1873,  for 
another  purpose,  drives  this  fan  by  means  of  helical-teehed  gearing.  The 
two  cylinders  are  40  inches  in  diameter  and  30  inches  stroke,  and  the  piston 
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Pods  l  ,'v,  and  \]s  inches  in  diameter  respectively.     The  engine  is  geared  to 

the  fan  in  the  proportion  of  7<>  to  29,  and  is  fitted  with  ordinary  air- 
pump  condensers  worked  by  levers  from  the  cross-heads.  There  is  no 
fan-drift,  as  the  upcast-shaft  discharges  the  air  direct  into  the  fan- 
chamber  (Fig.  L,  Plate  XV.).  The  air  was  measured  at  the  top  of  the 
upcast-shaft,  at  a  rectangular  frame  10  feet  6^  inches  by  8  feet  7  inches 
(with  a  transverse  bar,  (J,1,;-  inches  wide),  divided  into  16  equal  parts  by 
strings,  with  a  total  area  of  86*15  square  feet.  There  have  been  no 
accidents  to  this  fan.     The  cost  of  maintenance  is  about  £18  per  annum. 

There  are  two  shafts,  60  feet  apart.  The  downcast  shaft  is  elliptical 
in  shape,  15  feet  by  9  feet  6  inches,  sunk  to  a  depth  of  792  feet,  cutting 
the  following  seams: — The  Two-feet-nine-iiiches  coal-seam  at  654  feet; 
the  Four-feet  coal-seam  at  675  feet ;  and  the  Six-feet  coal-seam  at  759 
feet.  The  downcast  (winding)  shaft  is  fitted  with  buntons  and  rail-guides. 
It  also  contains  a  9  inches  steam-pipe  and  a  4  inches  rising  main  water- 
pipe,  both  of  which  are  carried  from  the  surface  to  the  Four-feet  coal- 
seam.  The  heating-effect  of  the  steam  is  shown  by  the  recorded 
temperatures  of  the  air.  A  third  pipe,  4  inches  in  diameter,  is  used 
for  conveying  a  blower  of  gas  to  the  surface  from  a  depth  of  213  feet 
(Fig.  3,  Plate  XV.). 

The  upcast-shaft  is  circular  and  9|  feet  in  diameter,  and  is  sunk  to 
the  Six-feet  coal-seam,  at  a  depth  of  792  feet.  The  portion  between  the 
Four-feet  and  Six-feet  coal-seams  is  dumb,  a  scaffold  closes  the  shaft  just 
above  the  level  of  the  Four-feet  coal-seam,  and  all  the  return-airways 
enter  at  the  Two-feet- nine-inches  coal-seam  level  at  a  depth  of  675  feet. 
There  are  no  obstructions  whatever  in  this  shaft  (Fig.  4,  Plate  XV.). 

The  pits  are  sunk  at  the  rise  side  of  the  royalty,  most  of  the  coal 
laying  to  the  dip.  The  workings  are  on  the  longwall  system.  The 
position  of  the  water-gauges  during  the  experiments  is  shown  in  Fig  1, 
(Plate  XV.),  Guibal  fan  : — No.  I,  at  the  inlet  of  the  fan  ;  II,  in  the  fan- 
drift  at  the  place  of  air-measurement ;  III,  at  the  separation-doors  at 
the  pit-bottom  ;  IV,  at  side  of  fan  ;  and  V,  in  upcast-shaft,  16  feet 
below  the  drift  to  the  Guibal  fan.  Waddle  fan : — I,  at  the  inlet  of  the 
fan  ;  II,  at  the  top  of  the  upcast-shaft  at  the  place  of  air-measurement ; 
III,  at  the  separation-doors  at  pit-bottom  ;  and  V,  in  the  upcast-shaft, 
16  feet  below  the  drift  to  the  Guibal  fan. 

The  restricted  orifices  were  formed  upon  the  top  of  the  upcast  pit. 

(2.)  Great  Western  Colliery. — The  two  ventilators  in  use  at  this  colliery 
are  a  Guibal  and  a  Schiele  fan  (Fig.  5,  Plate  XV.). 
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The  Griubal  fan  was  built  by  Messrs.  Black,  Hawthorn  &  Co.,  of 
Grateshead-upon-Tyne,  in  the  year  1876.  It  is  40  feet  in  diameter  and 
12  feet  wide.  It  is  driven  by  a  direct-acting  horizontal  engine,  having 
a  cylinder  36  inches  in  diameter  and  3  feet  stroke.  The  cost,  including 
buildings,  was  £4,186  5s.  Od.  The  average  annual  cost  of  repairs  is 
£96  8s.  Od.,  and  of  stores  £192  16s.  9d. 

The  Schiele  fan  was  constructed  by  the  Union  Engineering  Company 
(Messrs.  C.  Schiele  &  Co.),  of  Manchester,  in  the  year  1885.  It  is  15 
feet  3  inches  in  diameter,  and  is  driven  by  a  horizontal  engine,  with  one 
cylinder  32  inches  in  diameter  and  3  feet  stroke,  by  belting  in  the 
ratio  of  about  3*2  to  1.  The  cost,  including  buildings,  was  £4,941  15s.  4d. 
The  average  annual  cost  of  repairs  is  £18  12s.  Od.,  and  of  stores 
£140  19s.  Id. 

At  the  Hetty  (downcast)  shaft,  the  Four-feet  coal-seam,  6  feet  thick,  is 
worked  at  a  depth  of  1,095  feet,  and  the  Six-feet  coal-seam,  6|  feet  thick, 
at  1,174^  feet.  The  No.  2  or  upcast-shaft  passes  through  the  Four-feet 
coal-seam  at  1,125  feet ;  the  Red  coal-seam  at  1,229  feet;  the  Nine-feet 
coal-seam,  5  feet  thick,  at  1,264^  feet ;  and  the  Five-feet  or  Lower  coal- 
seam,  4  feet  thick,  at  1,420^  feet. 

The  position  of  the  shafts  and  fans  and  the  relative  positions  of  the 
water-gauges  are  shown  in  Fig.  5  (Plate  XV.). 

Figs.  6  and  7  (Plate  XY.)  are  plans  of  the  Hetty  or  downcast- 
shaft,  and  the  No.  2  or  upcast-shaft. 

There  being  no  convenient  places  for  the  measurement  of  the  air  in 
the  fan-drifts,  the  air  was  measured  at  a  section  3  feet  from  the  top  of  each 
fan's  cliimney,  with  an  anemometer  suitable  for  use  in  vertical  currents. 
Figs.  8  and  9  (Plate  XY.)  represent  sections  of  the  places  where  the 
air  was  measured  (in  the  fan  chimneys)  in  the  trials  of  the  Guibal  and 
Schiele  fans. 

The  Restricted  orifices  were  cut  in  the  respective  separation- doors. 

(3.)  The  National  Colliery  is  provided  with  a  Schiele  and  a  Waddle 
type  of  fan  (Fig.  10,  Plate  XYL). 

The  Schiele  fan  was  erected  by  the  Union  Engineering  Company,  of 
Manchester,  in  1886.  It  is  15  feet  3  inches  in  diameter,  and  3  feet  wide 
at  the  periphery,  the  diameter  of  the  inlet  being  8  feet  10  inches,  and  its 
width  8  feet.  It  is  driven  by  a  horizontal  engine  with  one  cylinder, 
32  inches  in  diameter  and  3  feet  stroke.  The  engine  drives  the  fan  by 
belting,  in  the  ratio  of  3*15  to  1.  The  cost  of  engine  and  fan  was  £2,100. 
The  average  annual  cost  of  stores  is  £74  7s.  4d. 
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The  Waddle  type  of  fan  was  erected  in  1888  by  Messrs.  Llewellyn  & 
Cnbitt,  of  Pentre  Rhondda.  It  is  45  feet  in  diameter;  1  foot  8  inebes  wide 
at  the  periphery,  the  diameter  of  the  inlet  is  L5  feet,  and  the  width  4  feet  2 
inehes.  It  differs  somewhat  from  the  ordinary  type  of  Waddle  fan,  the 
curved  blades  being  inclined  at  a  greater  angle  to  a.  radius.  The  collar 
of  the  fan  did  not  fit  very  exactly.  The  fan  is  driven  by  an  engine  with 
a  cylinder  86  inches  in  diameter  and  3  feet  6  inches  stroke.  The  average 
animal  cost  of  stores  is  £23  16s.  9d. 

The  downcast-shaft  is  17g  feet  in  diameter  and  is  fitted  with  four 
wire-rope  guides,  a,  1}  inches  in  diameter,  two  being  on  the  outside  of 
each  cage.  There  are  two  rubbing- blocks,  b,  fixed  on  each  cage,  and  two 
ropes,  c,  (2  inches  in  diameter),  are  placed  between  the  cages.  A  water-pipe, 
d,  1|  inches  in  diameter,  takes  water  from  the  surface  to  the  Four- 
feet  coal-seam  (Fig.  11,  Plate  XVI.).  The  position  of  a  byat,  at  a 
depth  of  300  feet,  is  shown  in  Fig.  12  (Plate  XVI.).  At  1,212  feet, 
is  a  landing  for  the  Two-feet-nine-inches  coal-seam  (Fig.  13,  Plate  XVI.). 
The  stage  for  the  Four-feet  coal-seam  is  situated  at  a  depth  of  1,272  feet, 
and  the  pit  is  sunk  to  the  Six-feet  coal-seam  at  a  depth  of  1,853  feet 
from  the  surface. 

The  upcast-shaft  is  14:  feet  in  diameter,  with  steam  and  water-pipes  in 
the  shaft  (Figs.  14  and  15,  Plate  XVI.)  for  a  depth  of  300  feet  from  the 
surface.  The  landing  of  the  Two-feet-nine-inches  coal-seam  (Fig.  16, 
Plate  XVI.)  is  situate  at  a  depth  of  1,212  feet  from  the  surface  ;  a,  b, 
and  c  are  guide-ropes,  1^-  inches  in  diameter,  extending  from  the  surface 
to  the  Six-feet  coal-seam.  The  Four-feet  coal-seam  lies  at  a  depth  of 
1,272  feet,  and  the  shaft  is  sunk  to  the  Six-feet  coal-seam  at  1,353  feet. 

The  position  of  the  fan-drifts  (Fig.  10,  Plate  XVI.)  allowed  of  one 
common  place  of  measurement  for  the  experiments  with  both  fans,  its 
section  being  shown  in  Fig.  17  (Plate  XVI.). 

The  restricted  orifices  were  cut  in  the  separation -doors  near  each  fan. 

Speaking-tubes  were  fitted  between  the  engine-houses  and  the  fan- 
drift. 

The  position  of  the  water-gauges  is  shown  on  Fig.  10  (Plate  XVI.). 

(4.)  Pelton  Colliery. — There  are  three  fans  at  this  colliery,  two  being 
usually  at  work.  The  two  fans  adjacent  to  the  Busty  (upcast)  shaft, 
viz.,  the  Waddle  fan  and  the  No.  2  Guibal  fan,  only  were  tested  (Fig. 
18,  Plate  XVL). 

The  Waddle  type  of  fan  is  31*6  feet  in  diameter,  and  14  inches  wide  at 
the  tips  of  the  blades.    The  diameter  of  the  inlet  is  14  feet  1  inch.    This 
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fan  is  driven  by  a  non-condensing  horizontal  engine,  with  one  cylinder, 
24  inches  in  diameter  and  24  inches  stroke.  This  fan  was  constructed 
by  Messrs.  Black,  Hawthorn  &  Co.,  and  erected  in  1868.  It  had  8  long 
and  8  short  vanes,  and  presented  some  differences  in  detail  and  proportion 
from  the  ordinary  type  of  Waddle  fan.  The  cost  of  fan  and  buildings 
was  £940.     The  annual  average  cost  of  stores  is  £41  12s.  Od. 

The  Xo.  2  Guibal  fan  is  36  feet  in  diameter  and  12  feet  wide,  the 
diameter  of  the  inlet  being  13  feet.  It  is  driven  by  a  non-condensing 
horizontal  engine,  with  one  cylinder,  30  inches  in  diameter  and  30  inches 
stroke,  ritted  with  variable  expansion-gear.  A  duplicate  engine  is  kept 
for  emergencies.  This  fan  was  constructed  by  the  Grange  Iron  Company 
and  erected  in  the  year  1875.  The  cost  of  fan,  engines  and  buildings 
was  £3,600.     The  mean  annual  cost  of  stores  is  £31  10s.  Od. 

The  arrangement  of  the  fan-drifts  is  shown  in  Fig.  18  (Plate  XVI.). 
The  separation-doors,  D,  were  arranged  so  as  to  shut  off  the  No.  1  Guibal 
fan  exhausting  from  the  Low  Main  coal-seam  upcast -shaft,  the  two  fans 
with  which  the  experiments  were  made  exhausting  from  the  Busty 
upcast-shaft  only. 

The  fan-chambers  are  closely  adjacent  to  the  top  of  the  shaft,  only  a 
short  length  of  drift  being  available  for  the  air-measurements,  and  it  was 
found  necessary  to  fix  the  dividing  strings  in  the  frames  of  the  separation- 
doors  and  in  these  apertures  the  air  was  measured  (Figs.  19  and  20,  Plate 
XVI.). 

There  are  five  shafts  at  this  colliery  of  the  following  diameters  and 
depths : — 


Shafts. 


Downcast.  No.  1 
Upcast,         ..    1 


Diameter. 

Depth. 

Feet. 

Feet. 

7 

:$24 

10 

540 

14 

540 

101 

540 

1% 

540 

Name  of  Shaft. 


Old  Hutton. 

Low  Main. 

Busty. 

No.  1  Fan  Return. 

No.  2     „ 


Of  these  shafts,  Nos.  2,  3  and  5  only  were  affected  by  the  present 
experiments.  The  areas  and  obstructions  in  these  shafts  are  shown  in 
Figs.  21,  22,  2:5  and  21  (Plate  XVII.).  There  are  no  obstructions  in  the 
Nob    1  and  2  upcast-shafts. 

Electric  bells,  fitted  by  Messrs.  John  Mills  &  Son,  Newcastle-upon- 
Tyne,  were  used  for  signalling  between  the  engine-houses  and  the  fan-drift. 

The  positions  of  the  water-gauges  during  the  course  of  the  experi- 
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menta  were  as  follows : — No.  I  was  placed  at  the  inlet  of  each  fan 
(Fig.  18,  Plate  XVI.),  and  No.  II  was  placed  at  the  top  of  the  Busty 
upcast-shaft. 

The  sections  of  the  drift  where  the  air  was  measured  are  shown   in 

Fig-s.  19  and  20  (Plate  XVI.),  respectively,  for  the  Waddle  and  Guibal 

fans. 

The  restricted  orifices  were  arranged   by  means  of  a  sliding  door 

placed  over  the  top  of  the  upcast-shaft. 

(5.)  The  Toimeley  Colliery  (Lancashire)  is  provided  with  a  Waddle 
and  a  Schiele  fan,  the  relative  positions  of  which  are  shown  in  Fig.  25 
(Plate  XVIL). 

The  Waddle  fan  (built  by  Mr.  J.  R.  Waddle  in  1873)  is  40  feet  in 
diameter,  with  an  inlet  12  feet  in  diameter  and  4  feet  8  inches  wide, 
the  width  at  the  periphery  being  1  foot  6  inches.  It  is  driven  by  a  hori- 
zontal engine,  with  a  cylinder  32  inches  in  diameter,  and  4  feet  stroke. 
The  fan  was  in  bad  repair,  the  curved  vanes,  in  many  cases,  consisting 
of  wooden-laggings  put  in  to  replace  the  wasted  wrought-iron  plates. 
The  collar,  however,  fitted  somewhat  efficiently. 

The  Schiele  fan  was  in  working  condition.  It  is  12  feet  in  diameter 
and  has  an  inlet  7j  feet  diameter,  and  is  3  feet  6  inches  wide.  It 
is  driven  by  an  engine  with  one  cylinder  26  inches  in  diameter  and 
4  feet  stroke,  by  a  belt  27  inches  wide,  the  pulleys  being  in  the  ratio 
of  (20  feet  to  4±  feet)  4|  to  1.  The  Schiele  fan-drift  is  6  feet  above 
the  level  of  the  Waddle  fan-drift. 

The  fan-drift,  which  is  12  feet  in  diameter,  was  reduced  to  a  square  of 
8  feet  by  8  feet  (area  64  square  feet),  where  the  air  was  measured  in  the 
experiments  upon  both  fans. 

The  confined  position  of  the  Waddle  fan  is  illustrated  in  Fig.  26 
(Plate  XVIL). 

It  was  not  considered  safe,  owing  to  the  condition  of  the  Waddle  fan, 
to  run  it  at  a  greater  speed  than  40  revolutions  per  minute,  which  was 
taken  as  the  maximum.  The  normal  speed  required  47*74  revolutions 
]»(•!■  minute. 

The  position  of  the  several  water-gauges  is  shown  on  Fig.  25  (Plate 
XVIL). 

The  restricted  orifices  were  cut  in  the  separation- doors  adjacent  to 
each  fan. 

(6.)  Wingate  Grange  <  'olliery  is  provided  with  a  Guibal  and  a  Schiele  fan, 
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The  G-uibal  fan  (erected  in  1871)  is  36  feet  in  diameter  by  12  feet 
wide,  and  is  driven  by  a  direct-acting  horizontal  engine,  with  a  cylinder 
30  inches  in  diameter  and  2^  feet  stroke.  The  fan  and  buildings  cost 
£2,280  16s.  8d.  The  annual  cost  of  stores  is  £29  12s.  lid.  and  of 
repairs  about  £4  3s.  6d. 

The  Schiele  fan  (which  was  erected  in  188(5)  is  12  feet  in  diameter, 
the  width  at  the  inlet  being  3  feet  4  inches  and  at  the  periphery  2  feet,  the 
diameter  of  the  inlet  being  7  feet  3  inches.  The  fan  is  driven  by  a  hori- 
zontal engine,  by  rope-gearing  in  the  ratio  of  2'6  to  1.  The  cylinder  is  2 
feet  1  inch  in  diameter  and  2  feet  stroke.  The  fan  and  buildings  cost 
£1,423  12s.  4d.  The  annual  cost  of  stores  is  £38  Is.  lid.  and  of  repairs 
about  £4  3s.  6d. 

The  Guibal  fan  was  at  the  time  of  the  experiments  working  regularly, 
the  Schiele  fan  being  kept  standing  in  reserve  in  case  of  any  accident 
occurring  to  the  Guibal  fan. 

The  arrangement  of  the  fans,  drifts,  separation-doors,  etc.,  is  shown 
in  Fig.  27  (Plate  XVII.). 

The  sections  of  the  fan-drifts  at  the  places  of  air-measurement  are 
shown  in  Figs.  28  and  29  (Plate  XVII.). 

There  are  two  shafts,  the  Lady  (or  downcast)  shaft,  and  the  Lord 
(or  upcast)  shaft,  each  14  feet  in  diameter,  the  average  obstructions  of 
which  are  shown  in  Figs.  30  and  31  (Plate  XVIL). 

The  shafts  pass  through  the  workable  coal-seams  at  the  following 
depths  : — 


Name  of  Coal-seam. 

Thickness. 

Lady  Shaft. 

Lord  Shaft. 

Ft.  In. 

Ft.     In. 

Ft.     In. 

Five-Quarter 

3     8 

466     0 

— 

'  Main        

5     2 

549     6 

591     0 

Low  Main 

3     3 

671    10 

714     0 

Hutton    ... 

2  10 

792     0 

— 

Harvey    ... 

3     0 

912     0 

— 

Bottom  of  shaft 

— 

930     0 

736     0 

The  shafts  are  264  feet  apart,  and  a  42  feet  fault  passes  between 
them.  The  Five- Quarter  and  Hutton  coal-seams  are  not  at  present  being 
worked.  The  Main  and  Harvey  coal-seams  are  being  worked,  and  the 
chief  output  is  from  the  Low  Main  coal-seam. 

The  Lord  shaft  is  at  present  only  open  to  the  Low  Main  coal-seam.  The 
return-air  from  the  Harvey  and  the  Low  Main  coal-seams  passes  up  a 
staple  to  the  Main  coal-seam,  and  along  a  drift  discharging  into  the  Lord 
shaft. 


MECHANICAL    7ENTILAT0RS.  401 

Coal  is  at  present  drawn  only  at  the  Lady  shaft. 

Electric  bells  were  used  for  signalling  between  the  engine-houses  and 
the  fan -drift. 

The  position  of  the  several  water-gauges  is  shown  on  Fig.  27 
(Plate  XVII.). 

The  restricted  orifices  were  arranged  by  means  of  a  sliding-door  placed 
in  a  stopping,  C  (Fig.  27,  Plate  XVII.). 

(b)  Description  of  the  Experiments. 

Unless  prevented  by  unforeseen  circumstances,  from  eleven  to  twelve 
experiments  were  made  upon  each  of  the  ventilators.  The  programme 
consisted  of  making  five  distinct  experiments  upon  each  ventilator,  each 
of  which  could  be  used  in  determining  one  of  the  points  of  the  character- 
istic curve  of  the  fan,  that  is,  the  curve  of  the  volume  produced  by  each 
ventilator  when  rotating  at  the  normal  velocity,  for  each  of  the  varied 
resistances  of  the  mine,  or  for  each  of  the  equivalent  orifices  from 
complete  closure  to  very  large  ones. 

(1)  The  F active  Mines. — The  series  of  five  f active  mines  of  varying 
equivalent  orifices,  were  more  or  less  easily  obtained  by  conditions  artifi- 
cially created  at  each  mine,  as  follows  :  — 

(a)  The  return  air-drift  was  closed  by  a  stopping,  having  an  aperture 
of  about  3  square  feet,  through  which  air  was  admitted  to  the  fan,  either 
from  the  atmosphere  or  from  the  mine. 

(b)  The  opening  in  this  stopping  was  enlarged  to  about  6  square  feet. 

(c)  Under  ordinary  conditions,  at  three  different,  speeds  of  rotation  of 
the  fan,  one  being  the  nearest  speed  obtainable  to  the  normal  velocity. 

For  the  purpose  of  somewhat  exact  comparison,  it  would  be  desirable 
that  experiments  be  made  upon  one  of  the  ventilators  running  at  such  a 
speed  as  to  produce  a  water-gauge  equal  to  that  produced  by  the  other 
ventilator  running  at  the  normal  speed  of  periphery,  upon  the  mine  in 
each  case  under  ordinary  working  conditions. 

(d)  The  separation-doors  were  opened,  so  as  to  facilitate  the  entry  of 
air  to  the  fan. 

(e)  The  air  was  admitted  freely  to  the  fan,  all  obstruction  to  its  free 
access  being,  if  possible,  removed. 

In  several  instances  an  experiment  was  made  to  determine  the  amount 
of  ventilation  produced  by  natural  means  upon  the  mine  under  ordinary 
working  conditions,  when  the  ventilator  was  standing. 
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(2)  Natural  Ventilation. — The  action  of  natural  ventilation  is  uncertain 
and  variable  in  its  direction  and  results  ;  it  must  therefore  be  considered 
to  be  an  occasional  aid  or  occasional  resistance  to  the  ventilation  pro- 
duced by  mechanical  means.  The  aid,  if  any,  afforded  by  natural  means 
is  much  smaller  than  is  usually  anticipated.  Thus,  if  a  volume  of 
50,000  cubic  feet  of  air  per  minute  is  produced  by  natural  means  alone, 
and  in  the  same  direction  as  the  ventilation  produced  by  the  ventilator, 
and  if  the  ventilator  alone  produces  a  volume  of  200,000  cubic  feet  of 
air  per  minute,  then  the  volume  of  air  produced  by  the  fan  and  natural 
ventilation  together  is  not  250,000  cubic  feet  of  air  per  minute.  The 
squares  of  the  volumes  being  proportional  to  the  depressions,  the  sum 
of  the  squares  of  the  volumes  will  be  proportional  to  the  sum  of  the 
depressions.  The  calculation  of  the  total  volume  therefore  is  not  deter- 
mined by  simple  addition,  but  by  taking  the  square  root  of  the  addition 
of  the  squares  of  the  volumes.  The  total  volume  being  obtained  by  the 
formula  : — 


V3  =  n/Vx2  +  v22, 


V8  =  n/200,000'2  +  50,0002  =  206,155  cubic  feet. 

The  increased  volume  due  to  the  positive  action  in  this  example  of 
natural  ventilation  being  only  6,155  cubic  feet  instead  of  the  anticipated 
50,000  cubic  feet  of  air  per  minute. 

The  result  would  have  been  similar,  but  the  volume  produced  by  the 
fan  would  have  been  decreased,  if,  instead  of  a  positive  value  of  the  natural 
ventilation,  a  negative  value  had  been  used. 

A  compression  or  negative  (  — )  water-gauge  was  observed  in  some  of 
the  experiments  made  upon  the  ventilators  at  the  Great  Western, 
National  and  Towneley  collieries.  At  the  Great  Western  colliery,  the 
readings  of  the  No.  II.  water-gauge,  placed  on  the  top  of  the  upcast- 
shaft,  in  experiments  (Nos.  2,  3,  4,  5,  6  and  11  on  the  Guibal  fan  ;  and 
Nos.  1,  2,  3,  4,  5  and  11  on  the  Schiele  fan)  with  restricted  orifices,  are 
of  no  value,  owing  to  the  restricted  orifices  being  placed  between  the 
fans  and  the  No.  II.  water-gauge,  or  to  the  opening  of  doors  on  the 
surface. 

The  readings  of  the  No.  II.  water-gauge,  at  the  place  of  air-measure- 
ment in  experiments  at  the  National  colliery  (Nos.  a,  1,  2,  3,  4,  5  and  10 
on  the  Schiele  fan  ;  and  Nos.  a,  1,  2,  3,  4  and  5  on  the  Waddle  fan), 
and  at  the  Towneley  colliery  (Nos.  b,  c,  1,  2,  ?>  and  4,  on  the  Schiele  fan  ; 
and  Nos.  b,  c,  1,  2,  3   and  4  on  the  Waddle  fan),  with  restricted  orifices, 
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arc  of  no  value,  owing  to  the  restricted  orifices  being  placed  between  the 
fans  and  the  No.  II.  water-gauge. 

In  several  experiments  at  these  three  collieries  it  may  be  noted  that 
the  density  and  weight  per  cubic  foot  of  the  air  in  the  fan-drift  is 
greater  than  that  of  the  atmosphere,  showing  that  natural  ventilation 
was  acting  against  the  action  of  the  fan. 

The  Committee,  however,  with  the  view  of  obtaining  definite  and 
valuable  details,  stopped  the  ventilators  and  made  observations  of  the 
volume  and  the  depression  produced  by  natural  means  alone.  The  results, 
as  might  be  anticipated,  proved  that  the  current  of  air  was  often  very 
small,  and  almost  insufficient  to  turn  the  anemometer. 

The  action  of  natural  ventilation  in  the  experiments  need  not  be 
considered,  as  its  effects  are  included  in  the  measurement  of  the  equivalent 
orifice  of  the  mine.  If  natural  ventilation  retards  the  circulation  of  the 
air  by  mechanical  means,  the  result  is  merely  to  decrease  the  apparent 
area  of  the  equivalent  orifice  of  the  mine,  because  the  resistance  of  the 
mine  is  increased.  If  natural  ventilation  accelerates  the  circulation  of 
the  air,  the  apparent  area  of  the  equivalent  orifice  of  the  mine  will  be 
increased,  because  the  resistance  of  the  mine  is  diminished  owing  to  its 
assistance. 

What  would  be  the  effect  upon  a  ventilator  when  running  in  the  case 
where  natural  ventilation  retards  that  produced  by  the  fan  ?  The  obstruc- 
tive effect  may  be  compared  to  an  increase  in  the  resistance  encountered 
by  the  air  in  passing  through  the  mine,  and  is  disposed  of  in  the  measure- 
ment of  the  equivalent  orifice  of  the  mine,  which  is  slightly  diminished 
in  area.  Consequently,  in  order  to  produce  the  same  volume  of  air,  the 
ventilator  must  turn  more  rapidly  when  the  natural  ventilation  is  opposed 
to  the  direction  of  the  mechanical  ventilation  than  when  that  action  is 
neutral. 

If  the  action  of  natural  ventilation  accelerates  the  mechanical  ventila- 
tion, the  resistances  of  the  mine  are  reduced,  and  the  measurement  of  the 
equivalent  orifice  of  the  mine  is  somewhat  larger ;  the  ventilator  might 
then  be  run  at  a  reduced  speed  to  produce  the  same  volume  of  air. 

In  determining  the  characteristic  curve  of  a  ventilator  at  least  five 

points  are  requisite,  spaced  somewhat  widely  apart,  the  exact  position  of 

any  of  the  points  of  the  curve   being  immaterial,  provided  that  they 

record  the  result  of  actual  and  accurate  observations.     These  ideas  may 

be  shortly  demonstrated  : — 

30 
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A  mine  M,  when  the  natural  ventilation  is  nil,  is  ventilated  under  a 
depression  h  by  a  volume  V,  the  equivalent  orifice  of  the  mine  being  a, 
and  Y  and  a  are  the  co-ordinates  of  a  point  upon  the  characteristic  curve 
of  the  ventilator  corresponding  to  the  mine  M.  If  the  natural  ventilation 
be  not  nil,  in  the  same  mine  M,  the  depression  hx  and  volume  Vx  will  be 
different  from  //  and  V,  the  orifice  ax  is  consequently  different  from  that 
of  the  mine  M,  and  is  in  fact  the  orifice  of  Mx.  The  ventilator  and 
natural  ventilation  together  will  produce  the  volume  V1}  under  the 
depression  h^  through  the  mine  Ml5  with  the  equivalent  orifice  ax. 
Vi  and  ax  are  the  co-ordinates  of  a  point  upon  the  characteristic  curve  of 
the  ventilator  corresponding  to  the  mine  M1?  instead  of  the  mine  M, 
upon  which  it  actually  works. 

The  value  of  the  natural  ventilation  need  not  be  determined,  unless 
the  actual  area  of  the  equivalent  orifice  of  a  mine  is  required.  If  its 
effects  are  ignored  the  orifice  may  be  too  small  or  too  large,  but  the 
difference  is  rarely  great  in  practice. 

(c)  Observations  during  the  Experiments. 
In  each  experiment,  observations  were  made  of  (1)  the  revolutions  of 
the  fan  and  of  the  engine  ;  (2)  the  volume  of  air  ;  (3)  the  depression  ; 
(4)  the  indicated  horsepower;  and  (5)  the  pressure  and  temperature  of 
the  atmosphere  and  of  the  air  of  the  mine  in  the  fan-drift. 

(1)  The  Revolutions  of  the  Fan  and  of  the  Engine. — The  revolutions 
of  the  fans  and  engines  were  counted  by  an  ordinary  lever  engine-counter. 
Electric  bells  were  placed  near  where  the  air  was  measured  in  the  fan- 
drift  and  in  the  engine-house,  by  which  signals  were  readily  exchanged. 
An  observer  with  a  centre-seconds  watch  in  the  engine-house,  after  the 
preparatory  signal  had  been  given  by  the  observers,  gave  the  starting 
signal,  followed  by  similar  signals  at  half -minute  intervals  to  the  end  of 
the  experiment. 

An  independent  observer,  with  a  centre-seconds  watch,  gave  the  time 
at  intervals  of  one  minute  to  another  observer,  who  took  note  of  the 
position  of  the  indices  of  the  counter  at  the  beginning,  at  intervals  of  one 
minute,  and  at  the  end  of  the  experiment  (eight  minutes).  The  mean  of 
these  results  only  is  recorded,  it  being  found  that  the  readings  at  inter- 
vals of  one  minute  are  not  discordant  with  the  mean  results.  The  first 
and  last  readings  of  the  counter  were  also  taken  by  another  observer,  to 
prevent  chance  of  error,  and  to  avoid  having  to  repeat  any  experiments 
whose  results  might  be  rendered  valueless  if  the  speed  of  the  engine  or 
fan  were  incorrectly  recorded. 
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Each  experiment  extended  over  eight  minutes,  and  the  records  of  the 
Bpeed  taken  at  intervals  of  one  minute  proved  that  the  speed  was  nearly 
uniform,  as  the  mean  revolutions  of  the  observations  for  eight  minutes 
are  practically  the  same  as  any  of  the  single-minute  readings. 

(2)  Tha  Volume  of  Air, — A  Oasella  air-meter  or  Biram  anemometer, 
fitted  with  a  simple  appliance  for  stopping  or  starting  the  counting-gear, 
was  employed  to  measure  the  speed  of  the  air.  The  anemometers  were 
tested  at  intervals  during  the  course  of  the  experiments  and  adjusted,  so 
that  practically  the  same  correction  applied  in  all  the  experiments. 

In  measuring  the  volume  of  air  it  is  essential  that  the  area  of  the 
place  of  measurement  should  be  exactly  determined.  The  place  of 
measurement  was  usually  in  a  length  of  arching,  occasionally  at  the  top  of 
the  upcast  pit  or  at  the  top  of  the  expanding  chimney  of  the  ventilator. 
The  fan-drift  was  walled  in  every  case,  and  was  reduced  to  a  rectangular 
form  of  known  dimensions,  by  timber,  etc.,  and  accessible  in  all  parts  to  the 
observer.  Figs.  2,  8,  9,  17,  19,  20,  28  and  29  (Plates  XV.,  XVI.  and 
XVII.)  show  the  sections  of  the  various  places  of  measurement. 

The  place  of  measurement  was,  in  all  cases,  divided  into  sixteen  equal 
areas  by  means  of  vertical  and  horizontal  wires.  The  anemometer  was 
held  for  half  a  minute  at  the  centre  of  gravity  of  each  of  the  rectangular 
divisions  without  intervals. 

Twto  observers  were  delegated  to  make  the  observations,  one  handling 
the  anemometer  and  the  other  observing  the  centre-seconds  watch  and 
recording  the  results.  The  reading  of  the  anemometer  for  eight  minutes 
was  then  reduced  to  the  reading  for  one  minute,  the  correction  applied,, 
and  the  result  multiplied  by  the  area  of  the  place  of  measurement  gave 
the  volume  of  air  in  cubic  feet  per  minute. 

(3)  The  Depression. — The  amount  of  exhaustion  produced  by  the  fan 
was  observed  by  means  of  an  ordinary  water-gauge  fitted  with  a  U-shaped 
tube.  The  oscillations  of  the  column  of  distilled  wTater  were  reduced  by 
the  use  of  shot  in  the  constricted  portion  of  the  tube  and  by  protecting 
the  end  of  the  tube,  by  means  of  a  long  and  thick  sleeve  of  flannel,  from 
the  effect  of  the  velocity  of  the  air.  Flexible  indiarubber  tubing  was 
employed  to  connect  each  of  the  water-gauges  with  the  positions  where 
the  observations  were  to  be  made. 

One  observation  was  made  at  the  centre  of  the  fan-drift  or  place  where 
the  air  was  measured,  with  the  end  of  the  tube  pointing  to  the  fan,  and 
at  the  same  time  as  the  readings  of  the  anemometer.     Simultaneous 
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readings  were  also  taken  at  the  centre  of  the  inlet  to  the  fan,  under- 
ground, etc.  The  readings  of  the  water-gauges  were  taken  at  intervals  of 
one  minute  during  the  eight  minutes  of  each  experiment. 

In  some  experiments,  a  higher  depression  was  measured  at  the  pit 
bottom  than  on  the  surface. 

Although  the  readings  are  recorded  to  O'OOl  inch,  they  are  merely 
the  calculated  means  of  readings  to  0*01  inch. 

(4)  The  Indicated  Eo/sepower. — A  Richards  indicator  was  used  in 
all  the  experiments.  Both  ends  of  the  cylinder  were  connected  (Fig.  49*) 
by  means  of  a  three-way  tap  at  the  point  of  union,  above  which  the 
indicator  was  placed.  In  cases  where  there  were  two  cylinders,  two  indi- 
cators were  employed  simultaneously.  Three  sets  of  diagrams  wrere  taken 
during  each  experiment,  at  the  beginning,  at  the  middle,  and  at  the  end. 

The  indicator-springs  were  tested  for  accuracy  by  weights  in  the 
ordinary  manner,  and  no  spring  was  used  which  showed  any  material  error. 

Steam-gauges  were  fixed  in  close  proximity  to  the  cylinders  and  were 
read  at  intervals  of  2  or  3  minutes. 

Care  was  taken  in  all  cases  to  close  all  cocks  attached  to  the  cylinders 
while  indicator-diagrams  were  being  taken. 

The  area  of  the  diagram,  taken  at  each  end  of  each  cylinder,  was 
measured  by  means  of  an  Amsler  planimeter,  and  this  area  divided  by  the 
length  of  the  diagram  gave  the  mean  height.  This  height,  multiplied  by 
the  scale  of  the  spring,  yielded  the  pressure  upon  the  piston  in  pounds 
per  square  inch.  The  horsepower  was  calculated  from  the  mean  of  the 
pressures,  calculated  from  the  diagrams  by  the  following  formula : — 

-pT-p         axlx2xrxp 

33,000 

In  which  a  is  the  area  of  the  piston  in  square  inches,  after  allowing  for 
the  area  of  the  piston-rod  or  rods;  /,  the  length  of  the  stroke  of  the 
piston  in  feet ;  r,  the  number  of  revolutions  of  the  engine  per  minute  ; 
and  p,  the  mean  pressure  of  the  steam  in  pounds  per  square  inch. 

(5)  Atmos/dteric  Observations. — Observations  of  the  pressure  and  tem- 
perature of  the  air  were  made,  as  they  are  factors  in  some  of  the  formulas 
which  are  used  in  the  deductions  from  the  results  of  the  experiments. 

The  instruments  used  were  : — A  barometer,  and  wet  and  dry-bulb 
thermometers,  in  the  atmosphere  at  the  surface;  and  wet  and  dry-bulb 
thermometers  in  the  fan-drift. 

The  instruments  were  observed,  and  did  not  vary  in  any  case  during 
the  course  of  an  experiment. 

*  Page  425. 
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The  thermometers  hud  been  tested  at  Kew  observatory,  and  tlie 
aneroid  barometer  was  adjusted  by  comparison  with  a  standard  mercurial 
barometer  at  Intervals. 

(//)  Direr f inn  of  the  Experiments. 

The  experiments  were  all  made  on  days  when  the  collieries  were  not 
at  work,  with  all  machinery  at  rest,  so  that  all  the  desired  experiments 

could  be  made.  Two  or  three  days,  prior  to  the  dates  fixed  for  the 
experiments,  were  occupied  in  making  the  necessary  arrangements,  and 
getting  the  various  appliances  into  working  order. 

The  observers  in  the  fan-drift  were  never  less  than  two  in  number, 
one  handling  the  anemometer  and  the  second  observing  the  centre-seconds 
watch  and  booking  the  results,  together  with  a  few  workmen  holding 
lamps,  etc.  An  electric-bell  was  placed  close  at  hand,  so  that  all  the 
observations  might  be  made  simultaneously,  convenient  signals  being 
previously  arranged  for  the  purpose,  to  be  exchanged  prior  to,  and  during 
the  experiments,  and  for  their  stoppage  in  case  of  accident.  A  stroke  of 
the  bell  was  signalled  to  all  observers  at  half-minute  intervals  during 
the  eight  minutes'  duration  of  each  experiment.  The  watches  at  each 
station  were  relied  upon  for  the  time-observation  at  such  point.  The 
time  of  starting  each  experiment  was  fixed  beforehand,  and  after  a 
warning  signal  had  been  received  and  acknowledged,  the  observations 
began  at  the  agreed  time,  with  half -minute  signals  until  the  close  of  the 
experiment. 

The  observers  in  the  fan-drift,  after  placing  the  anemometer  on  the 
end  of  the  rod  and  the  thermometer  in  position,  signalled  "ready"  to  the 
engine-house,  and  commenced  their  observations  at  the  appointed  time, 
unless  stopped  by  signal.  The  anemometer  was  held  in  each  of  the 
1G  rectangles  into  which  the  air-drift  had  been  divided  in  succession, 
and  the  difference  between  the  observed  readings  of  the  anemometer  at 
the  beginning  and  at  the  end  of  the  experiment  was  recorded.  Observa- 
tions of  the  wet  and  dry-bulb  thermometers  were  made  during  the  course 
of  each  experiment. 

rJ lie  observers  in  the  external  atmosphere  were  divided  into  groups  : 
(a)  Recording  revolutions  of  engine  and  fan  ;  (b)  reading  water-gauges  ; 
(/•)  indicating  engine  ;  and  (c/)  recording  atmospheric  observations. 

Two  observers  recorded  the  revolutions  of  the  engine  and  fan,  one 
observing  the  counter  and  the  second  giving  the  time  of  beginning  and 
ending  the  observations.  The  observer  in  charge  of  this  watch  also 
exchanged  bell  signals  with  the  other  observers.    Observers  were  stationed 
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at  each  water-gauge  taking-  readings  at  each  alternate  signal  of  the  bell, 
but  the  underground  observer  relied  upon  the  time  of  his  watch.  Two 
observers  assisted  in  taking  the  indicator-diagrams,  one  actually  taking 
the  diagrams,  whilst  the  second  assisted  him,  closing  the  drain-cocks 
when  required,  registering  each  diagram  as  taken,  recording  the  steam 
pressure  at  stop-valves,  etc. 

One  observer  had  general  charge  of  the  experiments,  and  while 
checking  the  speed  of  the  engine  and  fan  by  direct  counting,  took 
opportunities  of  recording  the  readings  of  the  barometers,  thermometers, 
etc.  In  addition,  the  engineman  and  his  assistant  were  available  for 
special  purposes. 

WTien  the  observers  in  the  fan-drift  signalled  that  they  were  ready,  a 
reply  was  given  to  commence  observations,  and  the  water-gauge  was  read 
at  intervals  of  one  minute,  the  reading  of  the  engine-counter  was  taken, 
diagrams  were  taken  from  each  end  of  the  one  or  more  cylinders  of  the 
engine  at  the  beginning,  middle,  and  end  of  the  experiment.  The 
observer  in  charge  recorded  the  readings  of  the  barometer  and  ther- 
mometers, and  the  observations  ceased  as  soon  as  the  observers  in  the  drift 
signalled  that  their  results  were  completed. 

These  arrangements  were  carried  out  most  successfully,  owing  to  the 
assiduous  application  of  all  the  observers  and  workmen. 

The  notes  of  the  observers  and  the  indicator-diagrams  were  taken  at 
the  close  of  each  experiment  to  the  observer  in  charge,  who  recorded  all 
the  observations  on  specially  prepared  sheets,  upon  wThich  the  results  of  the 
calculations  were  afterwards  registered. 

IV. — Calculations. 

The  records  of  the  experiments,  after  the  application  of  suitable 
formulae,  gave  results  which  are  contained  in  subsequent  tables.  The 
normal  velocity  of  the  fans  was,  as  previously  specified,  determined  at 
6,000  feet  per  mi  nine.  The  volume  of  air  produced  at  the  normal 
velocity  was  calculated  by  the  following  formula  : — * 

v6=y~fl (i) 

u 

*  The  following  notation  is  used  in  the  various  formulae  : — 
a.    the  equivalent  orifice  of  the  mine  in  square  feet. 
(1    and  <lv  the  weights  of  a  cubic  foot  of  the  external  and  internal  air. 
c/2,   T  lie  mean  weight  (<1  +  d^)  -r-  2. 
</r  the  weight  of  a  cubic  foot  of  water. 

g,    acceleration  of  gravity,  32-1912  feet  per  second  per  second. 
II,   initial  depression  in  inches  of  water. 
H„,  theoretical  depression  in  feet  of  air-column. 
H*.  theoretical  depression  in  inches  of  water. 
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The   water-gauge  at   the   norma]    velocity    was   calculated    by    the 
formula  : — 

/'«  =  /'"!•  ...  (2) 

I,-  V     J 


The  equivalenl  orifice  was  calculated  by  the  formula. 

V 


65  .AA 


12  <l. 


(3) 


The  weight  of  the  air  of  the  atmosphere  and  of  the  fan-drift  did  not 
vary  greatly;  but  the  mean  (ch)  of  the  two  weights  was  used  in  the 
preceding  formula,  which  after  reducing  to  a  simple  form  becomes: — 

V 

•         •         (4) 


1-324  J 


h  ,l'' 


The  weight  of  the  air  of  the  atmosphere  and  of  the  fan-drift  was 
calculated  by  means  of  Mr.  James  Glaisher's  Hygrometrical  Tables. 
The  useful  effect  in  the  air  is  calculated  by  the  following  formula: 

V  x  h  x  ^  .         .         .         (5) 


33,000 

The   motive  power   developed   by  the  engine   is   calculated  by  the 
formula  previously  mentioned. 

The  mechanical  efficiency  is  the  ratio  between  the  useful  effect  in 
air  to  the  motive  power. 

The  theoretical  depression  produced  by  the  perfect  centrifugal  fan 
is  calculated  by  the  formula  xil  -r-  g.  .         .         .         .         (6) 

The  normal  velocity  has  been  uniformly  assessed  at  6,000  feet  per 
minute  or  100  feet  per  second.  The  normal  theoretical  depression  is 
therefore  the  same  for  all  the  ventilators,  and  equal  to  (1002  -■-  g  =) 
310*65  feet  of  air-column. 

h,    the  observed  or  effective  depression  in  inches  of  water. 

hv  motive  column  in  feet  of  air. 

Ji0,  the  difference  between  H  and  h,  in  inches  of  water. 

K,  maximum  manometric  efficiency. 

0,    orifice  of  passage  of  fan. 

P,   the  barometric  height  in  the  atmosphere,  from  which  Pj,  the  pressure  of 

the  air  in  the    fan-drift,  is  deduced,  by  subtracting  the  height  of 

mercury  due  to  the  water-gauge. 
t     and  tv  the  temperatures  of  the  external  and  internal  air. 
?/,    the  speed  of  the  periphery  of  the  fan  in  feet  per  minute. 
//6.  the  normal  velocity  of  the  fan,  or  6,000  feet  per  minute. 
V,  the  observed  volume  in  cubic  feet  per  minute. 
Vj,  theoretical  volume  of  air  in  cubic  feet  per  second. 
V6  and  />6.  the  volume  and  water-gauge  at  the  normal  velocity. 
r,    velocity  of  the  air  in  feet  per  second. 
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This  value  is,  however,  usually  expressed  in  inches  of  water-column 
calculated  by  the  formula  : — 

Hx=-x^x  12     .       .       .       .       (7) 
9        4 
This  value  varies  in  the  different  experiments,  between  4*273  and 

4-668  inches. 

The  manometries  efficiency  is  the  ratio  between  the  observed  and  the 
theoretical  water-gauge  at  the  normal  velocity. 

The  results  of  the  calculations  are  appended  to  the  foot  of  each  column 
recording  the  observations  made  during  each  experiment.  The  register 
of  the  experiments  consists  of  twelve  similar  parts,  one  of  which  relates 
to  each  of  the  fans  tested  by  the  Committee.  Each  part  commences  with 
a  table  of  the  dimensions,  etc.,  of  the  fan  and  engine,  area  of  the  place  of 
air-measurement,  etc. 

Then  follow  numerous  tables  relating  to  the  experiments,  with 
calculations  appended.  The  tables  are  each  followed  by  a  summary  of 
the  experiments,  which  does  not  require  explanation  (Appendix  B,  Tables 
1  to  12). 

V. — Comparative  Results  of  the  Experiments. 

The  results  of  the  experiments  as  recorded  in  Appendix  B  (Tables  1 
to  12)  contain  all  the  details  necessary  for  the  compilation  of  the  com- 
parative tables,  Appendix  C  (Tables  13  to  24),  from  which  valuable 
conclusions  may  be  deduced. 

(a)  Relative  Volumes  Produced  by  the  Ventilators. 

Figs.  33  to  42  (Plates  XVIII.  to  XXVTI.)  are  diagrams  exhibiting 
the  characteristic  curves  of  the  ventilators  when  running  at  the  normal 
velocity  of  6,000  feet  per  minute.  Figs.  33  to  38  (Plates  XVIII.  to 
XXIII.)  show  the  characteristic  curves  of  the  two  ventilators  tested  at 
each  mine.  The  characteristic  curves  of  the  four  Guibal  fans  are  shown 
on  Fig.  39  (Plate  XXIV.),  of  the  four  Schiele  fans  on  Fig.  40  (Plate 
XXV.),  and  of  the  four  Waddle  fans  on  Fig.  41  (Plate  XXVI.).  The 
mean  characteristic  curves  of  the  three  types  of  ventilators  are  shown 
upon  each  of  the  diagrams,  and  also  for  purposes  of  direct  comparison  on 
Fig.  42  (Plate  XXVII.). 

On  these  diagrams  curves  are  drawn  through  the  points  representing 
the  results  of  each  experiment :  the  abscissa;  representing  the  equivalent 
orifices  or  the  comparative  resistances  of   the   various  mines,  and   the 
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ordinal es  being  the  volumes  of  air  produced.  These  curves  are  the 
characteristic  curves  of  the  ventilators,  and  by  this  means  the  relative 
efficiencies  of  the  several  ventilators  are  clearly  represented. 

For  all  fans,  the  characteristic  curves  begin  at  the  origin,  as  when  the 
mine  is  closed  the  volume  of  air  is  necessarily  nil;  thence  the  lines  rise 
at  greater  or  less  angles  and  variable  curves.  These  curves  can  readily  be 
understood,  if  it  be  assumed  that  (1)  the  ventilator  is  running  at  the 
normal  velocity,  and  that  (2)  the  mine  is  closed  by  a  regulator,  which 
being  gradually  opened,  the  volume  of  air  will  gradually  increase,  and 
this  increase  is  shown  by  the  curve  on  the  diagrams. 

The  theoretical  centrifugal  ventilator,  free  from  friction  and  producing 
the  theoretical  depression,  will  produce  volumes  of  air  proportional  to  the 
areas  of  the  equivalent  orifice,  and  this  characteristic  curve  is  shown  by 
the  line  0  B  on  each  diagram.*  The  inherent  resistances  of  the  fan  are 
of  material  importance,  and  increase  with  the  volume  of  air,  hence,  instead 
of  the  line  0  B,  the  characteristic  curve  of  each  ventilator  becomes 
slightly  curved  and  depressed  as  shown  in  the  various  diagrams. 

If  the  characteristic  curves  of  the  three  centrifugal  fans  be  examined, 
the  superior  efficiency  of  the  Guibal  fan  is  apparent  for  all  areas  of  the 
equivalent  orifice.  In  the  Schiele  and  Waddle  types  of  fans,  the  superiority 
of  either  fan  is  not  very  evident,  but  the  ventilators  at  the  several  mines 
appear  to  range  themselves  in  the  following  order  : — Great  Western 
(Schiele),  Pelton  (Waddle),  National  (Schiele),  Towneley  (Waddle), 
Cwmaman  (Waddle),  National  (Waddle),  Wingate  Grange  (Schiele),  and 
Towneley  (Schiele).  The  volumes  produced  by  the  Schiele  ventilators  is 
highest  for  those  of  largest  diameter  ;  the  volumes  in  the  case  of  the 
Waddle  ventilators  appear  to  decrease  as  the  diameters  increase,  but  it 
should  be  remembered  that  the  fan  at  the  Towneley  colliery  was  old  and 
in  bad  repair,  and  that  at  the  National  colliery  is  not  of  the  ordinary 
type,  and  should  more  properly  be  termed  a  quasi-Waddle  fan. 

Table  B  shows,  in  figures,  the  comparative  volumes  of  air  produced  by 
each  of  the  ventilators  upon  mines  with  equivalent  orifices  of  10,  20  30 
40  and  50  square  feet.     The  mean  volumes  of  air  produced  by  each  of 
the  types  of  ventilators  on   mines  with  similar  equivalent  orifices  are 
shown  in  Table  C. 


Vs  =  O'Goa   sy2r/-'2-  ^,    if    ~.  -?   =  "  ,andw=  100  feet  per  second,  t  hen 
Vs  =  0-65a  sj'l  x    100*  =  65a  s/2  =  91'924a  cubic  feet  per  second. 
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Table  P>. -Comparative  Volumes  of  Air  Produced  by  the  Several 
Ventilators,  when  Running  at  the  Normal  Velocity  of  6,000 
Feet  per  Minute,  fob  Various  Areas  of  Equivalent  Orifices. 


Volumes  of  Air  per  Minute  corresponding  to  Areas 

of  Equivalent  Orifices  of :  - 

Name  of  Colliery  and 

Diameter 

Type  of  Ventilator. 

of  Fan. 

10  Square 

20  Square 

30  Square 

40  Square 

50  Square 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Ft. 

In. 

Cubic  Feet. 

Cubic  Feet. 

Cubic  Feet. 

Cubic  Feet. 

Cubic  Feet. 

Cwmaman — 

(iuibal     ... 

30 

0 

41.750 

83,750 

122,000 

156,250 

190,000 

Waddle 

30 

0 

36,700 

73,250 

108.500 

142,750 

175,750 

Great  Western — 

Guibal     

40 

0 

43.000 

86,000 

129.000 

170,500 

211,250 

Schiele    ... 

15 

3 

37,500 

75,000 

112,000 

149,000 

185,000 

National — 

Schiele    ... 

15 

3 

40,500 

77.750 

111,750 

145,500 

177,500 

Waddle 

45 

0 

38,250 

74,000 

107,000 

138,500 

169,750 

Pel  ton— 

Guibal     ... 

36 

0 

44,500 

88,750 

130,000 

168,250 

202,500 

Waddle 

Towneley — 

Schiele 

31 

7-2 

37,750 

75,500 

111,750 

146,750 

181,000 

12 

0 

39.250 

74.500 

105,250 

132,750 

158,000 

Waddle 

40 

0 

39,250 

74.500 

109,000 

142,500 

176,000 

Wingate  Grange — 

Guibal     ... 

36 

0 

43,250 

86,500 

129,750 

170.000 

205,250 

Schiele    ... 

12 

0 

38,250 

74,000 

107,500 

138,750 

169,000 

Table  0. — Mean  Comparative  Volumes  of  Air  Produced  by  Various 
Types  of  Ventilators,  when  Running  at  the  Normal  Velocity  of 
6,000  Feet  per  Minute,  for  Various  Areas  of  Equivalent  Orifices. 


Type  of  Ventilator. 

Volume  of  Air  per  Minute  corresponding  to  Equivalent 
Orifices  of : — 

10  Square 
Feet. 

20  Square 
Feet. 

30  Square 
Feet. 

40  Square 
Feet. 

50  Square 
Feet. 

Guibal 
Schiele 
Waddle      

Cubic  Feet. 
43,125 
38,750 
38,000 

Cubic  Feet. 
86,250 
75,250 
74,250 

Cubic  Feet. 
127,500 
109,000 
109,000 

Cubic  Feet. 
166.250 
141,500 
142,500 

Cubic  Feet. 
202,250 
172,250 
175,500 

The  diagrams  of  the  characteristic  curves  have  shown  the  comparative 
volumes  produced  by  the  ventilators  tested  by  the  Committee.  But  it 
should  also  be  remembered,  that  as  the  experiments  were  confined  to 
mines  where  two  types  of  ventilators  were  employed,  the  results  obtained 
should  not  and  are  not  intended  to  be  used  as  indicating  the  actual  com- 
parative volumes  of  air  produced  by  the  most  efficient  ventilators  of  the 
Guibal,  Schiele  or  Waddle  types. 

(b)  Mechanical  Efficiencies  of  the  Ventilators. 

The  motive  power  utilized  or  the  percentage  of  useful  effect  of  each 
ventilator  was  determined.      In  order  that   the  percentages  of  useful 
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effed  obtained  in    the  experiments  may  be   compared,  it  is  evidently 
ntial  that,  like  the  volumes  of  air,  bhey  should  be  reduced  to  the 
normal  velocity. 

It  is  difficult,  however,  to  conceive  what  the  efficiency  would  become 
when  reduced  to  the  normal  velocity.  It  may  be  assumed  when  the 
velocity  is  diminished  that  the  elliciency  will  decrease,  owing  to  the 
greater  proportionate  value  of  the  passive  resistances  of  the  ventilator 
and  the  engine,  and  vice  versa ;  but  the  exact  law  is  not  known.  Under 
these  circumstances,  and  as  many  of  the  experiments  were  made  at 
velocities  approximating  more  or  less  closely  to  the  normal  velocity,  it 
may  be  assumed  that  the  percentages  of  useful  effect  obtained  in  the 
experiments  may  be  applied  to  the  normal  velocity  without  appreciable 
error. 

Figs.  43,  44  and  45  (Plates  XXVIII.,  XXIX.  and  XXX.)  show 
the  curves  of  the  percentages  of  useful  effect  of  the  Guibal,  Schiele 
and  Waddle  ventilators.  The  curves  of  the  percentages  of  useful 
effect  are  drawn  upon  the  same  abscissie  as  the  characteristic  curves, 
that  is  the  scale  of  the  equivalent  orifices,  and  the  percentages  of 
useful  effect  are  placed  as  ordinates.  These  curves  begin  at  the  origin, 
because,  when  the  mine  is  closed,  the  work  of  the  engine  is  entirely 
absorbed  by  the  passive  and  other  resistances  of  the  ventilator  and 
engine,  and  consequently  both  the  power  utilized  and  the  percentage 
of  useful  effect  are  nil.  From  the  origin,  the  curves  rise  at  various 
inclinations,  then  bend  and  approach  more  or  less  closely  to  the 
theoretical  maximum  useful  effect,  which  is  the  horizontal  line  cor- 
responding to  a  useful  effect  of  100  per  cent,  or  unity. 

It  will  be  noted  on  an  examination  of  the  diagrams  that  the  useful 
effects  of  the  combined  ventilators  and  engines  are  widely  divergent,  to  a 
much  greater  extent  than  occurs  in  the  case  of  the  characteristic  curves 
of  the  ventilators.  The  mean  results  of  the  several  ventilators  and 
engines  are  shown  on  Fig.  46  (Plate  XXXI.),  for  purposes  of  direct  com- 
parison, and  they  tend  to  prove  that  the  highest  mechanical  efficiency 
may  be  realized  upon  mines  with  areas  of  equivalent  orifices  varying 
from  35  to  40  square  feet,  beyond  which  the  useful  effect  begins  to 
diminish.  For  small  equivalent  orifices,  the  useful  effect  is  low,  and 
becomes  nil  at  the  origin  as  already  explained  ;  while  it  decreases  for 
larger  orifices,  owing  to  a  greater  proportion  of  the  power  being  absorbed 
in  overcoming  the  friction  of  the  large  volumes  of  air  passing  through 
the  ventilator. 
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The  mean  maximum  percentage  of  useful  effect  of  the  Guibal 
ventilator  and  engine  is  54*8  per  cent.,  whilst  for  the  Schiele  and  Waddle 
ventilators  it  is  lower.  These  results  are  slightly  different  from  those 
obtained  by  a  comparison  of  the  volumes,  and  may  be  explained  by  the 
engines  being  of  less  efficient  types.  If  the  efficiencies  of  the  engines 
had  been  the  same,  the  mean  curves  shown  in  Fig.  46  would  have  been 
similar  to  the  curves  of  the  volumes  shown  in  Fig.  42. 

Table  D  contains  the  numerical  values  of  the  useful  effects  of  each  of 
the  ventilators  and  engines  for  mines  with  orifices  of  10,  20,  30,  40  and 
50  square  feet.     The  mean  values  of  the  useful  effects  of  three  types  of 
ventilators  and  engines  are  recorded  in  Table  E,  for  similar  orifices. 
Table  D. — Compaeative  Percentages  of  Useful  Effect  of  the  Several 

A7ENTILATORS,    FOR   VARIOUS   AREAS   OF    EQUIVALENT    ORIFICES. 


Name  of  Colliery  and  Type 
of  Ventilator. 

Diameter 
of  Fan. 

Percenta 

ges  of  Useful  Effect  at  Areas  of  Equivalent 
Orifices  of : — 

10  Square 
Feet. 

20  Square 
Feet." 

30  Square 
Feet. 

40  Square 

Feet. 

50  Square 
Feet. 

Ft. 

In. 

Cwmaman — 

Guibal     

30 

0 

38-9 

— 

— 

— 

— 

Waddle 

30 

0 

23-2 

46-7 

57-6 

573 

53-7 

Great  Western — 

Guibal     ... 

40 

0 

17-3 

35-2 

49-5 

55-0 

545 

Schiele    ... 

15 

3 

28-6 

48-8 

57-6 

59-2 

58-0 

National — 

Schiele     ... 

15 

3 

28-7 

41-0 

41-2 

40-6 

40-2 

Waddle 

45 

0 

16-0 

24-8 

28-5 

30-2 

31-4 

Pelton— 

Guibal     ... 

3G 

0 

27-5 

44-4 

535 

57-0 

55-0 

Waddle 

31 

7-2 

28-3 

40-0 

43-3 

43-0 

42-8 

Towneley — 

Schiele    ... 

12 

0 

38-3 

52-9 

56*0 

54-3 

52-2 

Waddle 

40 

0 

19-1 

31-4 

39-3 

45-0 

48-2 

Wingate  Grange — 

Guibal     ... 

36 

0 

28-6 

50-6 

55-2 

52-6 

50-1 

Schiele    ... 

12 

0 

30-5 

43-2 

44-3 

43-7 

43-1 

Table  E. — Mean  Comparative  Percentages  of  Useful  Effect,  for 
Various  Areas  of  Equivalent  Orifices. 


Type  of  Ventilator. 

Percentages  of  Useful  Effect  at  Areas  of  Equivalent 
Orifices  of  :— 

10  Square 
Feet. 

20  Square 
Feet. 

30  Square 
Feet. 

40  Square 
Feet. 

50  Square 
Feet. 

Guibal     

Schiele    ... 
Waddle 

24-5 
31-6 

21-G 

43-4 
46-4 
35-7 

52-7 
49'8 
42-2 

54-8 
49-5 
43-9 

53-2 
48-4 
44-0 

The  experiments  indicate  in  an  unqualified  manner  that  the  choice  of 
an  efficient  engine  very  materially  affects  the  useful  effect  of  a  ventilator  : 
an  efficient  ventilator  being    practically  valueless   when   driven   by  an 


inefficient  engine. 
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In  Pig.  43,  the  result  of  experiment  No.  1  on  the  Great  Western 
colliery,  Guibal  ventilator  is  omitted,  being  made  at  the  very  low  speed  of 
6|  revolutions  per  minute;  the  low  percentage  of  useful  effect  obtained 
in  experiment  No.  10,  is  due  to  the  ventilator  being  run  at  33f  revolu- 
tions per  minute,  a  speed  mueh  below  the  normal  velocity  of  47*74 
revolutions  per  minute,  and  its  corresponding  efficiency  of  about  55  per 
cent.,  when  the  equivalent  orifice  varies  between  40  and  45  square  feet. 

With  the  Guibal  ventilator  at  Pelton  colliery,  the  only  experiment 
diverging  from  the  curve  is  No.  7  (Fig.  43),  and  this  difference  appears 
to  be  due  to  the  low  speed  of  the  ventilator  (32f  revolutions)  during  the 
experiment,  as  compared  with  the  normal  speed  (53*05  revolutions). 

Experiments  Nos.  7  and  6  were  made  upon  the  Schiele  ventilator  at 
the  Great  Western  colliery  under  similar  conditions,  save  that  the  speed 
was  increased  from  139J  to  171 1  revolutions,  and  Fig.  44  (Plate  XXIX.) 
shows  that  the  efficiency  of  the  engine  became  much  greater  at  the 
higher  speed  (59*55  to  67*10  per  cent,  respectively).  It  is  probable, 
therefore,  that  the  efficiency  of  this  ventilator  and  engine  will  attain  its 
maximum  with  a  speed  of  about  170  revolutions  per  minute,  and  an 
orifice  of  about  35  square  feet.  The  result  of  experiment  a,  at  the  low 
speed  of  20f  revolutions  per  minute,  is  omitted  from  the  diagram. 

In  the  case  of  the  Schiele  ventilator  at  the  National  colliery, 
divergences  from  the  curve  are  shown  in  experiments  Nos.  1,  2,  3  and  7 
(Fig.  44,  Plate  XXIX.).  The  increased  efficiency  is  due  to  the  speed,  in 
each  case  (137J  and  164f  revolutions)  rising  above  the  normal  speed 
(125*23  revolutions  per  minute).  The  efficiency  of  this  plant  would 
probably  attain  44  per  cent,  on  an  orifice  of  20  square  feet,  and  the  fan 
running  at  a  speed  of  1G5  revolutions  per  minute.  The  result  of 
experiment  ft,  at  the  low  speed  of  18J -revolutions  per  minute,  is  abnormal. 

Experiments  Nos.  5,  6  and  7  upon  the  Schiele  ventilator  at  the 
Towneley  collieries  show,  in  a  very  evident  manner,  that  the  efficiency  of 
this  plant  under  the  same  conditions,  increases  with  the  speed  thus  :  — 

No.  of  Revolutions  Useful  Effect. 

Experiment.  per  Minute.  Per  Cent. 

7     126£    40-53 

6     160A    47-70 

5     176i    49-57 

It  is  probable  that  this  plant  might  yield  an  efficiency  of  59  per  cent., 
when  exhausting  from  an  orifice  of  20  square  feet  and  running  at  a 
speed  of  175  revolutions  per  minute. 

The  divergence  in  No.  6  experiment  upon  the  Schiele  ventilator  at 
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Wingate  Grange  colliery  is  due  to  the  low  speed  (88f  revolutions) 
as  compared  with  the  normal  speed  (159*15  revolutions  per  minute). 
The  abnormal  results  of  experiments  d  and  e,  are  difficult  to  explain. 

No.  2  experiment  upon  the  Waddle  ventilator  at  the  Owmaman 
colliery,  is  below  the  curve  of  useful  effect  owing  to  the  speed  (43' 15 
revolutions)  being  below  the  normal  speed  (63*60  revolutions).  The 
highest  efficiency,  about  59  per  cent.,  appears  to  be  attained  at  the 
normal  speed  on  an  orifice  of  35  square  feet. 

The  results  of  the  experiments  upon  the  quasi-Waddle  ventilator  at 
the  National  colliery  are  unsatisfactory.  The  divergences  in  Nos.  2,  6 
and  7  experiments  are  probably  due  to  errors  of  observation,  and  in  the 
case  of  No.  10  experiment  to  the  velocity  (26§  revolutions)  being  below 
the  normal  speed  (42*44  revolutions  per  minute). 

The  results  of  the  experiments  upon  the  Waddle  fan  and  engine  at  the 
Pelton  colliery  are  unsatisfactory,  and  are  probably  due  to  their  age,  having 
been  erected  in  1868.  No.  5  experiment  falls  below  the  medial  curve, 
probably  owing  to  the  speed  (41-^  revolutions)  being  below  the  normal 
speed  (60*44  revolutions  per  minute).  The  low  result  of  No.  c  experiment 
is  due  to  the  low  speed  of  about  18  revolutions  per  minute. 

The  low  plant  efficiency  of  the  Waddle  ventilator  at  the  Towneley 
collieries  is  somewhat  marked,  and  is  probably  due  to  its  condition. 
The  following  experiments  show  how  its  efficiency  varied  with  the 
speed  : — 


No.  of 
Experiment. 

Revolutions 
per  Minute. 

Efficiency, 
per  Cent. 

7 

20$ 

12-24 

6 

34| 

21-54 

5 

m 

2564 

These  experiments  show  that  if  this  plant  had  been  run  at  the  normal 
Speed  (47*74  revolutions  per  minute)  the  efficiency  might  have  realized 
upwards  of  50  per  cent,  upon  orifices  of  30  square  feet. 

(r)  Relations  of  the  Volume  and  Depression  produced  by  Centrifugal 

Ventilators. 

The  height  of  motive  column  hx  in  feet  of  air  produced  by  a  difference 
of  temperature  or  by  mechanical  means  is  the  cause  of  the  motion  of  air 
in  mines,  and  the  principles  of  mechanics  show  (if  there  be  no  friction) 
that  the  velocity  produced  is  equal  to  that  acquired  by  a  body  falling 
from  the  same  height  as  that  of  the  head  of  motive  column — 

v=  >/]p, (8) 
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Consequently,  the  theoretical  Volume  of  air   paBsing   through   any 
equivalent  orifice  of  area  a  will  be — 

ys=  va  =  a  n/2^T;  ....      (9) 
if  h  represent  the  height  of  the  depression  in  inches  of  water  of  a  density 
r/,,  and  (t,  the  density  of  air,. then — 

fc-A*.  .    .  (10) 

Substituting  this  value  (10)  in  the  preceding  equation  (9),  then— 


The  actual  volume  of  air  per  second,  owing  to  the  action  of  the  vena 
contractu,  is — 

V.=  0-65«y24|;      •     •     •   w 

and  the  volume  of  air  per  minute  will  be — 

V  =  60  x  0-65«  J2g  ,~-(1\    .       .       .     (13) 

The  value  of  the  equivalent  orifice  is  then  obtained  by  deduction— 

y 

,— ,•      ....    (14) 


90-324      Ih   * 


^2 

The  theoretical  depression,  in  feet  of  air-column,  produced  by  a  perfect 
ventilator  is 

Ho-' j.     •     •     •     •     ■    (15) 

or  in  inches  of  water — 

H*=7xtx12 (16) 

The  depression  H0  or  Hx  is  not  realized  in  practice  owing  to  the 
various  imperfections  inherent  to  all  classes  of  centrifugal  ventilators  ; 
and  the  equation  becomes,  for  the  value  of  the  initial  depression  produced 
when  the  ventilator  is  exhausting  from  a  closed  chamber  adjoining  the 
inlet — 

H  =  K  -  x  Cll  x  12,  .       .       .       .     (17) 

in  which  K  is  a  fraction  representing  the  maximum  manometric  efficiency 
realized  by  the  centrifugal  ventilator. 

It  may  now  be  assumed  that  the  centrifugal  ventilator  is  placed  upon 
a  mine,  and  runs  at  a  constant  speed.  Adhering  to  the  theory  of  the 
equivalent  orifice,  it  may  be  assumed  that  the  mine  may  be  replaced  by 
an  orifice  a  in  a  thin  plate  whose  area  can  be  varied  as  desired.     If  the 


418  MECHANICAL    VENTILATORS. 

equivalent   orifice   be   entirely  closed,  the  ventilator   will   produce   the 
initial  depression  H. 

If  an  opening  be  made  between  the  mine  and  the  closed  chamber, 
and  gradually  enlarged,  the  depression  decreases  as  the  volume  of 
air  traversing  the  ventilator  increases,  and  is  reduced  to  zwo,  when  the 
opening  or  equivalent  orifice  is  infinite  in  area.  If  hQ  represents  this 
gradual  decrease  of  the  initial  depression,  then  the  effective  depression 
may  be  expressed  by  the  equation — 

h  =  H  -  &o, (18) 

in  which  hQ  may  increase  in  value  from  zero  to  H. 

The  difference  h0  between  the  initial  and  effective  depressions  is 
evidently  due  to  the  defective  construction  of  the  ventilator,  and  this 
loss  increases  in  proportion  as  the  volume  of  air  produced  absorbs  an 
increasing  fraction  of  the  initial  depression. 

If  o  be  an  orifice  representing  the  difficulty  of  the  passage  of  air 
through  the  ventilator,  the  mine  and  the  ventilator  are  then  represented 
by  two  orifices  a  and  o,  placed  one  behind  the  other,  and  successively 
traversed  by  the  air-current  induced  through  the  orifice  a  by  the 
depression  //,  and  through  the  orifice  o  by  the  depression  liQ.  The 
various  values  are  represented  by  the  formulas  — 


\\=  0-65  a  J%j  A  .  *.  and     .       .     (19) 


V,=  0-65  o  J '*,/  ^  •  |       .       .       .     (20) 

The  following  proportions  results  from  the  preceding  formulae : — 

//  a2  a- 

X  =  -i ;    aild  ho  =  *-3-      •        (21  and  22) 

a         o-  o2  v 

If  the  latter  value  (22)  be  substituted  in  the  preceding  equation  (18), 
it  becomes — 


The  actual  depression- 


*■=  =  -*£ (23) 


»_:_h      ;£*      .    .    .    (24) 

a*       a2  +  o2 

J-  1™      — o 


o 


or  substituting  the  value  of  H,  as  already  determined  (17), 

h=  K/'S     ,     -A.12    •        •       •  (25) 

The  preceding  formula   shows  that  the   manometric  efficiency  is  a 
variable  expression,  increasing  with  the  resistance  of  the  mine,  and  that 
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the  maximum  is  attained  when  the  orifice  is  at  its  minimum  area  or 

entirely  closed;  and  that  the  depression  produced,  if  other  conditions 
remain  constant,  varies  with  the  square  of  the  speed  of  the  ventilator.  This 
formula  also  makes  bhe  concession  that  the  manometric  efficiency  is 
somewhat  constant  for  ventilators  of  all  reasonable  and  similar  dimen- 
sions of  the  same  type. 

The  actual  volume  of  air  is  obtained  by  the  introduction  of  the  value 
of  h,  obtained  by  equation  (24)  into  equation  (13), 

V=  60X0*65  a     /2^_1_  .  ^-  ;      .       .     (26) 

1  +.2 

(r 

and  introducing  the  value  of  H,  as  determined  by  formula  (17),  then  the 
volume  of  air  per  minute  after  reduction  is — 

39  au     I    2K,,or     .       .       .       (27) 
V  a2 


V  = 

a 

1  +- 

o 


y  =  39u    /2Kfl?2°2.       .     .     .      (28) 

V    a2  +  d1 

This  formula  shows,  if  the  speed  of  the  centrifugal  ventilator  remains 
constant,  that  (1)  the  volume  varies  inversely  with  the  resistance  of  the 
mine,  and  becomes  nil  when  the  resistance  of  the  mine  is  infinite  or  when 
the  inlet  from  the  mine  is  closed  ;  that  (2)  the  volume  increases  when  the 
orifice  of  the  fan  or  (and)  the  orifice  of  the  mine  is  increased  ;  that  (3)  the 
volume  varies  with  the  speed  of  the  centrifugal  ventilator  if  other 
conditions  remain  constant  ;  and  that  (4)  the  volume  produced  by  small 
ventilators  can  never  equal  those  produced  by  large  ventilators,  as  the 
orifice  of  the  ventilator,  which  measures  the  resistance  of  the  fan  to  the 
passage  of  the  air,  must  necessarily  be  less. !f or  a  small  than  for  a  large 
ventilator. 

It  may  also  be  recognized  that  the  various  formulas  apply  to  centri- 
fugal ventilators,  whether  air  is  being  exhausted  from  or  forced  into  a 
mine. 

The  connexion  between  the  volume,  the  depression,  and  the  equivalent 
orifice  of  the  mine  cannot  be  easily  explained.  It  is,  however,  readily 
recognized  that  the  volume  increases  as  the  depression  falls  when  the 
orifice  of  the  mine  becomes  larger.  This  explanation  is  more  easily 
recognized  if  a  drawing  be  made  in  which  the  increasing  values  of  the 
orifice  of  the  mine  are  placed  as  abscissas :  this  line  may  represent  a  long 
rectangular  orifice,  closed  by  a  sliding-door  which  may  be  opened  a-; 
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desired.  The  corresponding  values  of  the  volumes  of  air  and  the 
depressions  produced  are  drawn  thereon  as  ordinates.  The  two  resultant 
curves  are  reproduced  in  Fig.  32  (Plate  XVII.) 

The  depression  commences  when  the  mine  is  closed  with  its  initial 
value  of  Km2  -=-  //;  and  as  the  orifice  of  the  mine  is  enlarged  the  effective 
depression  gradually  falls  and  would  become  nil  when  the  orifice  of  the 
mine  is  infinite  in  area  ;  that  is,  when  the  initial  depression  is  absorbed 
in  overcoming  the  resistance  of  the  air  in  passing  through  the  ventilator 
when  exhausting  freely  from  the  atmosphere. 

The  curve  of  the  volume  commences  at  the  origin  because  the  yield  is 
nil  when  the  orifice  of  the  mine  is  closed.  Thence  it  rises  rapidly, 
gradually  bends,  and  terminates  in  a  horizontal  line,  where  the  asymptote 
has  for  its  ordinate  the  volume  39  ou  s/2K.  This  volume  is  produced 
by  the  ventilator  when  it  is  not  applied  to  any  mine,  and  the  atmosphere 
has  free  access  to  the  inlet  of  the  ventilator. 

(d)  Results  of  the  Experiments. 

(1)  Fundamental  For mulcr. — -The  results  of  the  experiments  may  now 
be  examined  in  order  to  establish  the  truth  of  the  two  fundamental 
formula?  of  centrifugal  ventilators  (25  and  28).  In  order  to  simplify 
the  verification,  the  two  formula?,  by  eliminating  from  them  the  equiv- 
alent orifice  a,  may  be  combined  into  one,  and  the  following  equation  is 
obtained : — 

,        Kjm2^  _V^ a\_  ,     v 

tl~     (J     d9    1Z        W2go2    ^  '       '       C     } 

If  the  initial  depression  Km2  d,  12  -i-  g  d8  be  replaced  by  H,  and  the 
constant  12  •  d2  -^  392  2y  o2  d3  by  M,  the  preceding  formula  becomes : — 

h  =  H  -  M  V2,      .       .       .       .       (30) 

in  which 

M  =  0-000,122  546  rf,  . 

o2  d.3  y 

Equation  (30)  has  the  advantage  of  avoiding  the  calculation  of  the 
equivalent  orifice  of  the  mine,  and  if  the  ordinates  //,  and  the  abscissa?  V2 
be  drawn,  the  co-ordinates  of  the  results  of  the  various  experiments  should 
form  a  straight  line.  This  formula  should  be  applied  to  the  results  of 
all  experiments  upon  centrifugal  ventilators,  as  it  is  the  most  convenient 
method  of  ascertaining  the  correctness  of  the  results. 

The  formula  is  applicable  irrespective  of  any  of  the  numerous  theories 
respecting  the  ventilation  of  mines  and  of  the  varying  effects  produced  by 
natural  ventilation. 
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The  value  of  M  can  only  be  calculated  with  difficulty  from  the 
results  of  experiments, 

Tables  25,  26,  27  and  28  (Appendix  D)  record  the  results  of  experi- 
ments upon  the  Guibal  ventilators  at  the  Owmaman,  Great  Western, 
Pelton  and  Wingate  Grange  collieries,  reduced  to  the  normal  speed  of 
0,000  feet  per  minute.  The  equations  of  the  straight  lines  passing 
through  or  adjacent  to  the  various  points  are  shown  in  Table  P. 

Table  F . — Guibal  Ventilatobs. 

Name  of  Mine.  h  =       H       -    M  V2. 

Cwmaman  h  =  2-606  -  0*000,000,000,045,000  V2. 

>a1  Western     %  =  2*635  -  6*000,000,000,003,742  V-. 

Pelton        h  =  3-058  -  0*000,000,000.01  I. r.oo  V2. 

Wingate  Grange h  =  2*996  -  0-000,000,000.012,400  V2. 

The  observed  depressions  do  not  all  approach  the  calculated  straight 
lines,  but  they  do  so  with  sufficient  accuracy  to  establish  the  truth  of  the 
theory  applied  to  centrifugal  ventilators. 

Tables  29,  30,  31  and  32  (Appendix  D)  show  the  results  obtained  by 
the  Schiele  ventilators  at  the  Great  Western,  National,  Towneley  and 
Wingate  Grange  collieries.  The  equations  for  the  mean  straight  lines 
are  recorded  in  Table  G. 

Table  G.— Schiele  Ventilators. 

Name  of  Mine.  h    =       H       -    MV2. 

Great  Western       7i  -=  2*088  -  0*000,000.000,008,000  V-. 

National      //=  2*421   -  0*000,000,000,023,200  Y-. 

Towneley 7i  =  2*250  -  0*000,000,000,031,150  V-. 

Wingate  Grange    h  =  2*138  -  0*000,000,000,019,400  V'-'. 

The  irregularities  shown  in  the  tables  may  in  some  cases  be  ex- 
plained by  the  inconvenient  position  of  the  places  where  the  air  was 
measured,  but  they  generally  sustain  the  accuracy  of  the  formulas. 

Tables  33,  34,  35  and  36  (Appendix  D)  contain  the  results  derived 
from  the  experiments  upon  the  Waddle  ventilators  at  the  Cwmaman, 
National,  Pelton  and  Towneley  collieries.  The  straight-line  equations 
are  detailed  in  Table  H. 

Table  H. — Waddle  Ventilators. 

Name  of  Mine.  h    =       H        -    MV2. 

Cwmaman h  =  1*913  -  0-000,000,000,004,17!)  V2. 

National  h  =  2*009  -  0-000,000,000,008,900  V* 

Pelton  h  —  2*142  -  0*000,000,000,004,170  V2. 

Towneley  h  =  21SS  -  0*000,000,000.008,080  V2. 
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With  few  exceptions,  these  tables  afford  an  excellent  verification  that 
the  theory  of  centrifugal  ventilators  is  in  exact  accordance  with  the 
results  of  the  experiments,  with  the  reservations  previously  expressed. 

It  would  appear  from  the  twelve  before-mentioned  tables  that  in  the 
case  of  mines  with  small  equivalent  orifices  the  results  are  lower  than 
the  results  with  larger  orifices.  This  loss  of  depression  may  be  attributed 
to  many  causes  :  to  the  mal-adjustment  of  the  sliding-shutter  (where 
such  an  appliance  is  attached  to  a  centrifugal  ventilator)  and  to  the 
inclination  of  the  vanes,  which  are  only  suitable  in  the  case  of  any  centri- 
fugal ventilator  to  a  given  volume  of  air,  etc. 

Consequently,  the  theoretical  straight  line  cannot  be  followed  up  to 
the  first  ordinate,  as  it  bends  when  applied  to  small  values  of  the  equiva- 
lent orifice  more  or  less  rapidly,  according  to  the  imperfections  of  the 
ventilator. 


(2)  Manometrir  Efficiencies. — The  manometric  efficiencies  K  of  the 
various  ventilators  may  now  be  calculated  from  the  constants  H,  deter- 
mined by  the  equations  and  tables  as  detailed  in  Table  I. 

Table  I. — Guibal,  Schiele  and  Waddle  Ventilatobs. 


Mean 

Type  of  Ventilator  and 
Name  of  Colliery. 

Theoretical 
Depression, 

HiC. 

Initial 

Depression, 

H. 

Manometrical 

Eftic  ency, 

K. 

Inches. 

Inches. 

Guibal — 

Cwmaman 

4-278 

2-606 

0-60!) 

Great  Western 

4-394 

2-635 

0-600 

Pelton 

4-603 

3-058 

0-664 

Wingate  Grange 

4-475 

2-996 

0-669 

Means 

4-437 

2-823 

0-636 

Schiele — 

Great  Western 

4-426 

2-088 

0-471 

National 

4-354 

2421 

0-556 

Towneley 

4-490 

2-250 

0-50 1 

Wingate  Grange 

4-430 

2-138 

0-482 

Means 

4-425 

2-224 

0-502 

Waddle— 

Cwmaman 

4-320 

1-913 

0-442 

National 

4-375 

2-009 

0-459 

Pelton 

4-606 

2T42 

0-465 

Towneley 

4-451 

2  185 

0-491 

Means 

4  438 

2-062 

0-464 

The  results  recorded  in  Table  I.,  show  that  the  Guibal  ventilator 
fitted  with  expanding-chimney  and  so-called  sliding-shutter  affords  the 
best  results;  the  Schiele  ventilator  with  the  expanding  chimney  being 
next  in  position ;  and  the  Waddle  type  of  open-running  fan  is  third. 
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(3)  Orifices  of  the  Ventilators. — The  orifices  of  the  ventilators  may 
now  be  calculated  from  formulae  (31),  deducing  therefrom  that — 

=       /()-0O(»,ii>i>,r>4(i  d,  (0. 

v  M  o\  .... 

The  following  table  (J)  contains  the  essential  dimensions,  etc.,  of  the 
Bevera]  ventilators,  together  with  the  values  of  the  orifices  of  passage  of 
the  ventilators  as  determined  by  the  preceding  formula. 

I  'ABLE   J. — GUIBAL,    SCHIELE     AND    WADDLE    VENTILATORS. 


Name  of  Colliery  and 

Diameter  of 

Width  of 

Diameter  of 

Area  of 

Orifice  of 

Type  of  Ventilator. 

Fan. 

Tan  at  Inlet. 

Inlet  of  Fan. 

Inlet  of  Fan. 

Passage 

of  Fan. 

Ft. 

In. 

Ft.    In. 

Ft.    In. 

Square  Feet. 

Square  Feet. 

Ouibal — 

Great  "Western   ... 

40 

0 

12      0 

14      0 

L53j94 

196 

Wingate  Grange 

36 

0 

12      0 

13     0 

132-73 

108 

Peltbn     

36 

0 

12      0 

13     0 

132-73 

101 

Cwmaman 

30 

0 

10      0 

10     2 

81-18 

55 

Schiele — 

Great  Western  ... 

15 

3 

6     0 

8     8 

118-00 

L34 

National... 

15 

3 

6     0 

8  10 

122-56 

78 

Wingate  Grange 

12 

0 

3     4 

7     3 

82-56 

86 

Towneley 

12 

0 

3     6 

7     6 

88-36 

68 

Waddle- 

National... 

45 

0 

4     2 

15     0 

176-71 

127 

Towneley 

40 

0 

4     8 

12     0 

113-09 

134 

Pelton     

31 

7-2 

3     3 

14     1 

155-77 

190 

Cwmaman 

30 

0 

3     6 

12     0 

11309 

184 

The  orifices  of  the  several  ventilators  appear  to  vary  with  the  diameter 
of  the  fan,  the  construction  and  width  of  the  vanes,  and  the  diameter 
of  and  width  at  the  inlet  or  the  area  afforded  to  the  passage  of  the  air. 
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APPENDIX  A. 


Observations  to  be  made,  and  Instructions  to  the  Engineers. 

Six  separate  experiments  shall  be  made  upon  each  ventilator,  in  which  the 
friction  of  the  mine  is  varied,  as  follows  ;  -(a)  The  return  to  the  ventilator  closed. 
(b)  The  return  to  the  ventilator  closed,  with  the  exception  of  an  opening  of  3  square 
feet,  (e)  The  opening  doubled  in  area,  (d)  The  mine  under  ordinary  working 
conditions,  with  all  machinery  at  rest  (hauling-engines,  winding-engines,  etc.) 
(e)  The  entrance  of  air  facilitated  by  opening  some  doors.  (/)  Air  admitted  as 
freely  as  possible  from  the  atmosphere. 

In  each  trial,  the  six  experiments  shall  be  made  in  the  above-named  order,  and 
as  nearly  as  possible  at  the  normal  speed  of  periphery,  subject  of  course  to  the 
ability  of  the  engines  to  drive  the  fans  at  the  required  speed  when  passing  large 
volumes  of  air. 

Two  more  experiments  shall  also  be  made  with  the  mine  under  ordinary  con- 
ditions, and  the  fan  running  at  higher  and  lower  speeds. 

The  normal  speed  of  periphery  shall  be  taken  at  6,000  feet  per  minute. 

In  each  experiment,  observations  shall  be  made  of — (a)  The  number  of  revolu- 
tions per  minute  of  the  fan  and  engines,  (b)  The  volume  of  air.  (c)  The  water- 
gauge,  (d)  The  indicated  horse-power,  (e)  The  height  of  the  barometer.  (/)  The 
temperature  of  the  air. 

Notes. 

(a)  The  revolutions  of  the  fan  and  engines  shall  be  counted  by  an  ordinary 
engine-counter,  and,  if  possible,  two  independent  observers  shall  undertake  this 
duty. 

(b)  The  Volume  of  Air. — A  Casella  air-meter  or  Biram  anemometer  shall  be 
employed,  provided  with  some  simple  form  of  stopping  and  starting  gear,  say, 
started  by  the  tension  of  a  string  and  stopped  by  the  reaction  of  a  spring  ;  that  is 
to  say,  the  revolutions  will  be  recorded  so  long  as  the  string  is  pulled  tight. 

The  air-measurements  shall  be  made  at  the  same  point  in  (1)  the  return  air-way 
and  in  proximity  to  the  inlet  of  the  fan,  and  also  at  (2)  the  inlet  (or  inlets)  and  in 
(3)  the  shaft.  If  possible  a  length  of  arching  shall  be  taken,  and  the  place  of 
measurement  must  be  of  some  regular  geometrical  form.  If  all  parts  are  not 
accessible  to  the  observer,  the  place  of  measurement  must  be  reduced  in  size  by  a 
rectangular  wooden  frame  or  doorway. 

The  area  of  the  place  of  measurement  must  be  divided  into  16  equal  areas,  and 
a  reading  of  the  anemometer  taken  in  eacli  at  its  centre  of  gravity.  The  division 
shall  be  made  by  means  of  horizontal  and  vertical  strings,  as  shown  in  Figs.  47 
and  48. 

The  anemometer  shall  be  held  for  30  seconds  in  each  position,  without  intervals 
between  the  readings.  Two  observers  shall  attend  to  this,  one  to  handle  the 
anemometer  (standing  at  one  side)  and  the  other  to  observe  the  seconds'  watch 
and  book  the  results. 
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When  the  resistance  of  the  mine  is  varied,  the  position  of  the  fan  shutter  or 
other  appliance  for  modifying  the  useful  effed  <>f  the  fan,  shall  be  tested,  it  prac- 
ticable, to  ascertain  the  position  which  yields  the  highesl  water-gauge  at  the 
normal  speed. 
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48. 

Fig.  47. 
The  anemometers  shall  he  tested  at  intervals  with  the  same  efficient  machine. 


(c)  The  water-gauge  readings  shall  be  made  at  the  centre  of  the  drift  (where  the 
air  is  measured)  with  the  end  of  the  tube  pointing  to  the  fan,  and  at  the  same 
time  as  the  anemometer  readings.  Simultaneous  readings  must  also  be  taken  at 
the  centre  of  the  inlet  to  the  fan.  The  end  of  the  tube  shall  be  protected  by  a 
flannel  cap  from  the  effects  of  velocity.  The  readings  shall  be  made  every  30 
seconds. 

The  water-gauge  used  in  the  experiments  shall  be  of  the  ordinary  form.  Dis- 
tilled water  shall  be  used  in  the  water-gauge.  Flexible  indiarubber  tubing  will  be 
required  to  connect  the  instruments  with  the  points  of  observation. 

(d)  The  indicated  horsepower  shall  be  obtained  by  means  of  a  Richard  indicator. 
Both    ends  of  the  cylinders  shall  be  connected,  as  shown    in    Fig.    49,    with  a 


Fig.   49. 

three-way  cock  at  the  point  of  union,  and  above  which  the  indicator  shall  be 
placed.  If  there  are  two  cylinders,  two  indicators  shall  he  simultaneously 
employed.  By  this  means  both  cylinders  and  both  ends  of  each  cylinder  will  be 
indicated  almost  simultaneously.  Three  sets  of  diagrams  shall  be  taken  during 
each  experiment,  at  the  beginning,  middle  and  end. 
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Experiments  shall  also  be  made  to  determine  the  friction  of  the  engine  without 
any  air  passing  through  the  fan,  or  by  detaching  the  fan  from  the  engine  where 
possible. 

The  indicators  shall  be  tested  by  weights  in  the  ordinary  manner. 

(e)  and  (/)  The  readings  of  the  barometer  and  thermometer  in  the  open  air, 
and  of  the  thermometer  alone  in  the  drift,  shall  be  registered.  The  hygrometric 
conditions  of  the  inner  and  outer  airs  shall  also  be  recorded. 

Generally,  all  the  experiments  shall  be  made  under  similar  conditions,  either 
when  the  pits  are  idle  or  otherwise.  All  time  observations  shall  be  made  with  a 
centre-second  watch. 

Additional  information  shall  be  obtained  as  under  : — (1)  Depths  and  diameters  of 
downcast  and  upcast  shafts.  (2)  Obstructions  (if  any)  in  shafts,  with  sketches. 
(3)  Distance  apart  of  the  shafts,  with  working  sketches  of  seams.  (4)  Difference  in 
surface-level  of  sha'ts.  (5)  Temperature  at  top  of  upcast  and  downcast  shafts; 
temperature  at  middle  of  upcast  and  downcast  shafts  ;  temperature  of  bottom  of 
upcast  and  downcast  shafts  ;  if  boilers,  etc. ,  are  in  use  underground,  the  tempera- 
tures should  also  be  observed  (where  possible)  at  the  point  where  the  smoke  is 
delivered  into  upcast,  with  sketch  and  dimensions  of  the  smoke-drift  and  volume 
of  air  passing  through  it.  (6)  Dimensions  of  fan,  distance  from  pit,  and  dimen 
sions  of  fan-drift  (with  plans).  (7)  Dimensions  of  engines.  (8)  A  record  ( f  the 
steam -pressure  at  the  time  of  taking  the  indicator-diagrams.  (9)  A  record  of  the 
water-gauge  at  the  bottom  of  the  pit,  where  possible.  (10)  The  date  of  erection  of 
the  fan  and  engines.  (11)  The  original  or  estimated  cost  (and  date)  of  fan, 
engine,  boilers,  building,  etc.  (12)  The  cost  of  maintenance,  being  the  actual 
cost  of  stores  and  repairs  of  fans  and  engines.  (13)  Particulars  of  all  accidents, 
and  duration  of  stoppages  of  fan  since  erection. 

Instruments  required:  — 2  water-gauges:  100  feet  of  indiarubber  tubing  with  wire 
core  ;  2  flannel  caps  for  tubing  ;  2  thermometers,  wet  and  dry  bulb ;  3  anemometers  ; 
2  Richard  indicators  ;  1  set  of  reducing-gear  ;  2  Bourdon  steam-gauges,  60  and  150 
lbs. ;  2  centre-second  watches  ;  1  aneroid  barometer  ;  2  Harding  counters  ;  2  three- 
way  cocks  ;  tool-chest  ;  ratchet-brace  and  4  drills  ;  screw-spanner  :  pipe-tongs  ; 
pincers  ;  pipe-cutter  ;  callipers  ;  stock  and  dies  ;  taps  and  key  ;  oil-tin  ;  short 
lengths  of  steam-pipe  of  various  diameters,  etc. 
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APPENDIX  B.— TABLES  1  and  2.  EXPERIMENTS  OF  OCTO- 
BER 27th,  28th  and  29th,  1888,  lTPON  THE  GUIBAL 
AX!)  WADDLE  FANS  AT  OWMAMAN  (,()LLIERY. 


Dimensions,  etc.,  of  the  Guibal  Fan. 


Description 


Diameter 
Width,  at  inlet 
„     at  periphery 

Diameter  of  inlet 


Centrifugal  fan  of  Guibal  ty]  e. 


30  feet. 

10    „ 

10    „ 

...       10  feet  2  inches. 

Normal  velocity  (6,000  feet  per  minute  =)  63*66  revolutions  per  minute. 

Dimensions,  etc.,  of  the  Engine. 

Number  of  cylinders  ...          ...  ...  ...  ...          ...                one. 

Diameter  of  the  piston          ...  ...  ...  ...         ...     24  inches. 

,,         of  piston-rod,  fore  end  ...  ...  ...         ...     3f      „ 

Mean  effective  area  of  the  piston  ...  ...  446*90  square      „ 

Stroke  of  piston           ...          ...  ...  ...  ...          ...     24      „ 

Ratio  of  transmission  ...         ...  ...  ...  direct,  as  one  to  one. 

Exhaust  steam  condensed  by  Morton  ejector- condenser. 

Sundry  Particulars. 
Area  of  place  of  measurement  (Fig.  2,  Plate  XV.)  ...  112-26  square  feet. 


Dimensions,  etc.,  of  the  Waddle  Fan. 


Description 
Diameter 
Width,  at  inlet 

„       at  periphery 
Diameter  of  inlet 


centrifugal  fan  of  Waddle  type. 

30  feet. 

3  feet  6  inches. 
1    foot  4      „ 
12  feet  0      „ 


Normal  velocity  (6,000  feet  per  minute  =)  63*66  revolutions  per  minute. 

Dimensions,  etc.,  of  the  Engine. 

Number  of  cylinders  ...         ...         ...         ...  ...         ...               two. 

Diameter  of  the  pistons          ...         ...         ...  ...         ...     40  inches. 

„         of  right-hand  piston-rod,  fore  end  ...          ...    1,:,(.       ,, 

„         of  left-hand  piston-rod,  fore  end  ...          ...     4J      ,, 

Mean  effective  area  of  the  pistons     ...         ...  1,249*90  square      „ 

Stroke  of  pistons         ...         ...         ...         ...  ...         ...     30      ., 

Ratio  of  transmission  ...         ...         ...      by  helical  gearing,  as  70  to  29. 

Sundry  Particulars. 
Area  of  place  of  measurement  ...         ...         ...    86*15  square  feet. 
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MECHANICAL   VENTILATORS. 
APPENDIX  B.— TABLES  1  and  2.— CWMAMAN  COLLIERY 


t  Ventilator 


Date 
Time 


188S 


No.  of  Experiment 


Condition  of  Mine 


Wad  oi.e. 


Oct.  28 
12  f  0  p.m. 


Oct.  28 
1    8  p.m. 


Oct.  28 
1  30  p.m. 


cX 


Oct.  29 
5   3  p.m. 


Oct.  29 
5  30  p.m. 


Oct.  29 
4   0  p.m. 


Temperature,  atmosphere,  wet,  clegs.  Fahr. 
dry, 
,,  in  fan  drift,  wet,  ,, 

,,  M  dry,  ,, 

„  bottom  of  pit,  ,, 

Pressure  of  atmosphere,  inches  of  mercury 
Results  of  Observations:— 
Duration  of  experiment,  minutes 
Mean  revolutions  of  engine,  per  minute   . . 
n  ,,      fan,  per  minute 

anemometer,  per  minute 
Water-gauge :—  , 

Mean  depression,  at  inlet  of  fan,  No.  I.,  inches 
,,  fan  drift,  18t  feet  from 

fan,  No.  II.,  inches. 
„  ,,  inside  fan,  No.IV, inches 

16    feet    below    Guibal 
drift,  No.  V.,  inches. . 
n  „  bottom    of   shaft,    No. 

III.,  inches 
Indicator  Diagrams  :— 
Mean  pwwsure,  pounds  per  square  inch  : — 
Right-hand  eDgine,  back  end 


front  end 


Left-hand  engine,  back  end 


average 


front  end 


average 


average 


Right  and  left-hand  engines,  average. 
Steam  pressure,  pounds  per  square  inch  . 
Vacuum,  pounds  per  square  inch     . .        . 


Results  of  Calculations  :~ 

Weight  of  cubic  foot  of  air  of  atmosphere,  pound 
,.  ,,  ,,  fan  drift 

,,  ,,  water,  pounds 

Temperatnre  of  water,  degs.  Fahr 

Mean  velocity  of  air,  feet  per  minute 

Velocity  of  circumference  of  fan,  feet  per  minute 

Mean  volume  of  air,  cubic  feet  per  minute 

At  normal  velocity,  volume  of  air,  cubic  feet  per 

minute  

,,  ,,        depression  at  inlet,  inches  .. 

,,  ,,  ,,  fan  drift,  inches 

,,  ,,       theoretical  depression,  inches 

Manoinetric  efficiency,  at  inlet  of  fan,  per  cent. 

,,  ,,  fan  drift,  per  cent. 

Useful  effect  in  air,  at  inlet  of  fan,  horse-power 

,,  ,.     fan  drift,  ,, 

Motive  power  of  engine,  horse-power 

,,  utilized,  at  inlet  of  fan,  per  cent. 

,,  ,,  fan  drift,  per  cent. 

Equivalent  orifice  of  mine  : — 

Inlet  water-gauge,  square  feet 
Drift 


Ret'jra  Airway  to 

Ventilator 

closed. 


575 

89 

fc9 

* 

2919 

8 

12625 
30474 


(1)  120 

(2)  077 

(3)  0  93 
0  96 

(1)  090 

(2)  0  69 

(3)  174 
I'll 

(1)  105 

(2)  073 

(3)  133 

(1)  075 

(2)  0-75 

(3)  0-59 
070 

(1)  229 

(2)  3-18 

(3)  2  06 
2  51 

(1)  1-52 

(2)  1-97 

(3)  1  32 
132 

Nil. 


0  07443 

0  06944 

62  378 

572 

2,872  1 


4297 


631 


575 
575 
89 

89 

* 

29  18 


26-125 
63  060 


2  000 


(18)  104 

(19J  186 

(20)  2  09 

l-£6 

(18)  115 

(19)  182 

(20)  219 
172 

(18)  110 

(19)  184 

(20)  214 

(18)  138 

(19)  155 

(20)  1-74 
156 

(18)  166 

(1*)  112 

(20)  2  OS 

162 

(18)  152 

(19)  133 

(20)  191 
164 

50 
13 


0  07443 

0  06944 

62  378 

5943  2 


2  038 
4-298 


4741 
1623 


Return  Airway 
to  Ventilator 
closed,  with 
exception  of 
Opening  of  3 
sq.  feet,  Air 
being  drawn 
from  Mine. 


Mine  under 

ordinary  working 

conditions 


58 

521 

52J 

52fc 

585 

55 

55| 

55 

88 

87 

90 

92 

88 

87 

90 

92 

* 

71 

72 

72i 

2917 

29  22 

29  24 

29-22 

6 

8 

8 

8 

25  333 

45-375 

17-875 

26  375 

61  149 

109  525 

43146 

63-663 

+ 
+ 

1,61662 

756-62 

1,11675 

* 

5-556 

0933 

1876 

2  000 

5  526 

0  922 

1827 

* 

* 

* 

* 

* 

5  305 

0  821 

1827 

* 

4750 

1150 

1815 

(33)  14  00 

(36)  324 

(27)  541 

(34)1413 

(37)  293 

(28)  5-05 

(35)  14-06 

(38)  318 

(29)  514 

1408 

312 

5  20 

(33)14-18 

(36)  4  01 

(27)  5-79 

(34)  14-29 

(37)  371 

(28)  5-58 

(35)  14  41 

(38)  4-14 

(29)  5-72 

14  29 

395 

5-69 

(33)  1406 

(36)  3-62 

(27)  560 

(34)  14-21 

(37)  332 

(28)  531 

(35)  1423 

(38)  3  66 

(29)  543 

(33)  1272 

(36)  2  04 

(27)  4  83 

(34)  12-76 

(37)  233 

(28)  522 

(35)  1373 

(38)  2  26 

(29)  515 

1307 

2-21 

5  07 

(33)  1266 

(36)  306 

(27)  514 

(34)  1306 

(37)  328 

(28)  478 

(35)  1276 

(38)  309 

(29)  4-35 

12  83 

314 

476 

(33)  12  69 

(36)  2  55 

(27)  499 

(34)  12-91 

(37)  2-80 

(28)  5  00 

(35)13  25 

(38)  2  68 

(29)  475 

13  56 

310 

5-18 

52 

34 

33 

42 

12 

12 

12 

12 

0-07425 

0  07517 

0-07498 

007517 

0  06954 

0  06983 

0  06940 

0  07209 

62  373 

62  391 

62-389 

62-391 

58| 

55 

55J 

55 

1,562 

753 

1,098 

57631 

10,322  5 

4066  4 

6,000 

134,566 

64,871 

94,592 

78,214 

95,680 

94,592 

1877 

2  030 

1-876 

2167 

1867 

2  006 

1827 

4-296 

4  331 

4313 

4-307 

43  33 

47-07 

43  55 

5044 

4310 

46  51 

42  42 

11778 

9  53 

27  95 

11715 

9  42 

27  22 

233  04 

20  99 

5175 

5050 

45  40 

54  00 

50  2 

44  8 

52  6 

21-55 

25  24 

26  04 

21  59 

25  46 

2637 

1-88 
1  81 

1  70 


0  072 

62  2 

5c 

1,6 

6,08; 

141.U 

139,; 

11 

4.: 

40  4 

72-; 

381 1 


•  No  observation  recorded.  t  '1 lie  water-gauge  was  situated  25  ftet  from  inlet  of  Guibal  fan. 

J  Anemometer  failed,  owing  to  excessive  velocity  of  air,  when  passing  through  opening  of  3  square  feet. 


MECHANICAL    V i:\TM,  \  to  its. 

RESl    I   rs    "I     EXPERIMENTS   ON    THE    Gl  ll'.AL   AND    WADDLE    FANS. 


1:29 


( i  i   I B  A  L . 


Oct  28 

Oct.  27 

Oct.  28 

Oct.  27 

Oct  28 

Oct 

.28 

Oct.  28 

2  41  p  ui 

3  16p.m. 

9  50  u  in. 

4  40  i > . in. 

10  27  a.m. 

5  15  p.m. 

5    7  p.m. 

5  40  p.m. 

6  0  p  in 

. 

1 

2 

3 

4 

c 

d 

e§ 

nil 

Airway 

Cot mu  Airway  to  Ventilator 

Return  Airway  to  Ventilator 

Mine 

Entrance 

Air  admitted 

\  emilator 

id,  with  exception  of 

closed,  with  exception  of 

under 

of  Air 

freely    from 

sed. 

Opening  of  3  scp  feet. 

Opening  of  6  sq,  feet. 

ordinary 

facilitated 

Atmosphere, 

working 
conditions. 

by  opening 

Separation- 

by    <  pening 
Doors       on 

Air  being  drawn 

Air  being 

Air  being  drawn 

Air  being 

from  Atmos- 

drawn from 

from  Atmos- 

drawn from 

doors  at  Bot- 

Surface. 

phere. 

Mine. 

phere. 

Mine. 

tom  of  Pit. 

61 

58 

6ii 

58} 

61i 

59 

58$ 

* 

62 

62 

62 

62 

61f 

60 

60 

91 

•Jl 

91 

9U 

89* 

93| 

88 

86 

91 

91 

91 

914 

89.', 

931 

88 

86 

* 

* 

* 

* 

* 

* 

72} 

69 

29-28 

29  28 

29  21 

29  28 

29  20 

29  28 

29  16 

2915 

8 

8 

8 

8 

8 

8 

8 

8 

* 

62-875 

64  230 

63  250 

64  000 

64  125 

f.2'500 

64  625 

§ 

62  875 

64  250 

63  250 

64-000 

64125 

62  500 

64625 

* 

M 

14800                   18050 

343  00 

378  00 

802-37 

1232  00 

• 

2-650 

2  600                    2  600 

2  600 

2  525 

* 

♦ 

* 

* 

2-600 

2  600 

2  583 

2  550 

2  450 

2  094 

* 

2  850 

2-835 

2  850 

2  836 

2  £00 

2-708 

2773 

■X- 

* 

• 

K 

* 

2  513 

1861 

* 

* 

* 

* 

* 

2-iQa 

* 

* 

(1)  1  45 

(4)  10  40 

(12)  1054 

(7)  10  30 

(15)    11  34 

(9)  11-42 

(21)17-34 

(24)  27-04 

* 

(5)  10-10 

(13)    9  39 

(8)  11-96 

(16)    12-67 

(10)  13-12 

(22)  18-28 

(25)  2614 

(3)1 -.'7 

(6)    9  70 

(14)    8-32 

(17)    12-48 

(11)  12-08 

(23)  19-52 

(26)  24-94 

* 

175 

10  07 

9  42 

1113 

1216 

1221 

1838 

26  04 

* 

(1)241 

(4)    9  60 

(12)  11  27 

(7)  1T54 

(15)    12-21 

(9)  1302 

(21)  2024 

(24)  25  40 

* 

(5)  1000 

(13)  11-32 

(8)  11-50 

(16)    12-80 

(10)  12"50 

(22)  20-82 

125)  24-72 

(3)  2  37 

(6)  10-64 

(14)  12  61 

(17)    1322 

(11)  1256 

(23)21-94 

(26)  24  "98 

235 

10  08 

1173 

11  52 

1274 

12-69 

21-00 

25  03 

(4)  1000 

(12)  1090                 (7)  1092 

(15)    1177 

(9)  12-22 

(21)  1879 

(24)  2622 

-* 

(5)  1005 

113)  1036                  (8)  1173 

(16)    1274 

(10)  1281 

(22)  1955 

(25)  25-43 

* 

(3)217 

(6)1017 

(14)  10  46 

•• 

(17)    12-85 

(11)  1232 

(23)  20-73 

(26) 

2496 

205 

1007 

10  57 

1132 

12  45 

12  45 

19-69 

25-54 

36 

39 

36 

38 

36 

40 

39 

42 

* 

* 

* 

* 

0  0740 

0  07391 

0  07407 

0-07387 

0  07407 

0  07403 

007401 

0  0693 

0  06917 

0  06925 

0  06937 

0-06891 

0  06953 

0  06981 

62  355 

62  355 

62  355 

62  355 

62  359 

62  366 

62  366 

62 

62 

62                               62 

62 

610 

60 

60 

15475                         18i 

316  0 

381 

7970 

1,206 

11662 

5925  6 

6,055-2 

5,961 

6,0318 

6,043  2 

5890  5 

6,090-6 

17,372 

20,880 

38,842 

42,771 

89,513 

135,385 

17,212 

21,015 

38,635 

42,460 

31,174 

133,363 

2U6 

2-552 

2  633 

2  572 

2  488 

1-985 

2  552 

2  633 

2o56 

2513 

2*541 

2032 

4-283 

4-283 

4  276 

4  283 

4  281 

4  273 

4-293 

4  298 

63  41 

59  68 

6147 

60  08 

58  22 

59  68 

6147 

5971 

58  81 

59*23 

47-28 

711 

8  54 

15  90 

17  00 

711 

8  54 

1579 

1717 

3453 

44-64 

137 

34  29 

3V79 
1932 

3877 
22  02 

4316 
36  83 

43  24 
39  31 

66  66 

8941 

•■ 

19  32 

22  02 

36  58 

3973 

5l'80 

49-92 

404 

4-86 

9  03 

10  09 

4  04 

4-86 

9  07 

10  05 

21-49 

35  14 

i  Experi 

nent  abandonee.' 

owing  to  heating 

of  the  crank-pin 

of  engine. 
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APPENDIX  B.— TABLE  3.— EXPERIMENTS  OF  JUNE  2nd, 
1889,  UPON  THE  GUIBAL  FAN  AT  (I  HEAT  WESTERN 
COLLIERY. 


Dimensions,  etc.,  of  the  Fan. 


Description 

Diameter 

Width,  at  inlet  ... 

„       at  periphery 
Diameter  of  inlet 
Normal  velocity  (6,000  feet  per 


centrifugal  fan  of  Guibal  type. 

40  feet. 

12    „ 

12    „ 

14    „ 

minute  =)  47'74  revolutions  per  minute. 


Dimensions,  etc.,  of  the  Engine. 


Number  of  cylinders 
Diameter  of  the  piston... 

„         of  piston-rod,  fore  end 
Mean  effective  area  of  the  piston 
Stroke  of  piston... 
Ratio  of  transmission    ... 


one. 

...  36  inches. 
41 

1009*02  square  inches. 

30      „ 

direct,  as  one  to  one. 


Sundry  Particulars. 


Area  of  place  of  measurement  (Fig.  8,  Plate  XV.)  ...  102-37  square  feet. 
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APPENDIX  B.— TABLE  3. 

—GREAT 

WESTERN  COLLIERY.— 

Type  of  Ventilator 

GUIBAL. 

Date        1889 

June  2 

June  2 

June  2 

June 

Time        

12  37  p.m. 

1    0  p.m. 

2  49  p.m. 

4  29p.l 

No.  of  Experiment 

1 

2 

3 

4 

Condition  of  Mine          

Mine 

Return 

Return  Airwav  to  V  ft, 

under 

Airway  to 

lator  closed,  withl 

ordinary 

Ventilator 

ception  of  Openinl 

working 

closed. 

3  sq.  feet. 

conditions. 

Air  being 

Ah-  b 

drawn  from 

drawn  i  u 

Mine. 

A.tmosp'1 

Temperature,  atmosphere,  wet,  clegs.  Fahr. 

60 

60 

614 

59 

..            dry,            ,, 

6U 

62 

63^ 

6:; 

in  fan  drift,  wet,            ,, 

61$ 

63 

64* 

64 

,i                      ,,            dry,            ,, 

63 

64i 

66| 

lC: 

Pressure  of  atmosphere,  inches  of  mercury 

29185 

2919 

29-19 

291 

Results  or  Observations:— 

Duration  of  experiment,  minutes 

8 

8 

8 

Mean  revolutions  of  engine,  per  minute  . . 

6? 

471 

471 

17 

,,               ,,         fan,  per  minute 

6| 

47i 

478 
338^ 

47  J 

,,              ,,         anemometer  per  minute    . . 

31 

219g 

Water-gauge : — 

Mean  depression,   at  inlet  of  fan,   No.   L, 

inches 

0  05 

258 

2  54 

2." 

,,               ,,                 fan  drift,  40  feet  from 

fan  No.  II.,  inches. . 

0  00 

-0  01 

0  00 

-OfJ 

Indicator  Diagrams  . — 

Mean  pressure,  pounds  per  square  inch  : — 

Back  end           

(1)  2124 

(4)    9-569 

(7)   9-082 

M         

(2)  2-079 

(5)    9-568 

18)  10  639 

. . 

(3)  2165 

(6)   9  809 

(9)   9952 

(18)  10  f..i 

average        

2123 

9  649 

9891 

10 

Front  end          

(1)  2-256 

■    (4)11760 

(7)  12-268 

.  • 

2)  2-878 

(5)      .. 

(8)  11524 

,, 

(3)  2118 

(6)       .. 

(9)  11900 

,,         average        

2-517 

11760 

11897 

1.  'i 

Average 

(1)  2190 

(4)  10  664 

(7)  10-675 

(16)11  1 

(2)  2178 

15)    9-568 

(8)  11-082 

(17)11 

.           , . 

(3)  2-292 

(6)   9-809 

(9)  10926 

(18)111 

average        

2-320 

10013 

10  894 

i  i  j1 

am  pressure,  pounds  per  square  inch  . 

51 

50 

50 

Results  of  CALCULATIONS:— 

Weight  of  cubic  foot  of  air  of  atmosphere,  pound 

007386 

0  07381 

0  07343 

,,                  ,,             ,,          fan  drift.           ,, 

0-07363 

007341 

0  07315 

,,                   ,,              water,  pounds 

62  35.S 

62  355 

62  344 

Temperature  of  water,  degs.  Fahr 

614 

62 

f 

Mean  velocity  of  air,  feet  per  minute 

23i 

225 

342 

Velocity  of  circumference  of  fan,  feet  per  minute 

848-23 

5,937-62 

5,95333 

Mean  volume  of  air,  cubic  feet  per  minute 

2,406 

23,033 

25,011 

At  normal  velccity,  volume  of  air,  culric  feet  per 

minute           

16,572 

23,271 

35,280 

,,               ,,          depression  at  inlet,  inches  . . 

2  501 

2-633 

2-579 

. 

,,                   „            fan  drift,  inches 

1015 

,,               .,          theoretical  depression, 

4  407 

4-400 

4381 

-i 

Manometric  efficiency,  at  inlet  of  fan,  per  cent. 

5675 

59-84 

58'86 

58''  1 1 

,,                     ,,               fan  drift,             ,, 

Useful  effect  in  air,  at  inlet  of  fan,  horse-power 

0  019 

9-356 

13  999 

,,               ,,               fan  drift,               ,, 

0  000 

0  000 

Motive  power  of  engine,  horse-power 

286 

88-21 

94  63 

,,              utilized,  at  inlet  of  fan,  per  cent. . . 

070 

10  60 

1478 

,,                    „             fan  drift,             ,, 

o-oo 

0  000 

Equivalent  orifice  of  mine  : — 

Inlet  water-gauge,  square  feet 

4*085 

5  459 

8-352 

Drift           ,,                      ,,                   ..         .. 

MECHANICAL    VENTILATORS. 
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Resi  !  i>  "i    Experiments  on  the  Guibal  Fan. 

Gtjibaj 

jui 

Jane  i 

. I  line  2 

June  2 

Juno  2 

June  2 

•  I  ime  2 

3  43  p.m. 

6  27  p.m. 

5  43  p.m. 

7    0  p.m. 

5  21  p.  m. 

7  27  p.m. 
11 

6 

7 

8  I 

'•' 

10 

it  Airw 

ay  to  Venti- 

Mine  under  o 

rdinary  work- 

Entrance 

Mine 

Air   admitted 

i    close 

d,    with    ex 

ing  con 

ditions. 

of  Air 

under 

freely     from 

■Ml     Of 

Opeiiin     of 

facilitated 

ordinary 

Atmosphere, 

i>y  opening 
Separation- 

working 
conditions. 

)>y     opening 

Doors 

doors  at  Bot- 

Surface. 

Air  being 

tom  Of  Pit. 

from 

drawn  from 

Atmosphere. 

584 

57A 

60?. 

58 

59 

59£ 

61i 

621 

6i  a 

63A 

62 

63 1 

63| 

63 

63" 

tm 

67 

65 

64* 

64.J 

64 

62i 

29-185 

29  183 

2918 

29185 

29185 

29  20 

8 

8 

8 

8 

8 

8 

8 

48 

48 

so; 

46j 

461 

«.v>4 

412 

48 

48 

501 

46f 

46| 

33? 

4iy 

526 

2,322£ 

2,168| 

2,251 1 

1,6271 

3,689^ 

2  57 

2  94 

2  44 

2  49 

T29 

1*55 

001 

-0  02 

2  23 

185 

179 

0  90 

042 

1 1  52 1 

(13)  10  490 

(25)  19-150 

(22)  15713 

(28)  16-500 

(19)  10335 

(31)  19-461 

64 

(14)  10487 

(26)  19-100 

(23)  16  033 

(29)  17-214 

(20)  10  285 

(32)  20017 

L0  37U 

(15)  10678 

(27)  19-289 

(24)  15514 

(30)  17  228 

(21)  11243 

(33)  19-658 

10  552 

19-179 

15-783 

16981 

10  621 

19712 

(13)  13192 

(25)  21-300 

(22)  18-285 

(28)  20  098 

(19)  12176 

(31)  22-004 

;    12301 

(14)  12375 

(26)  21-921 

(23)  18534 

(29)  19721 

(20)  11975 

(32)  23-721 

2    12 

(15)  12-853 

(27)  22218 

(24)  18415 

(30)  19524 

(21)  12-225 

(33)  22977 

12  807 

21813 

18411 

19781 

12125 

22  901 

li 

(13)  11841 

(25)  20-225 

(22)  17  000 

(28)  18-300 

(19)  1T255 

(31)  20732 

114)  11-432 

(26)  20511 

(23)  17  284 

(29)  18467 

(20)  11130 

(32)  21-868 

i    11 

(15)  11765 

(27)  20-753 

(24)  16965 

(30)  18376 

(21)  1x734 

(33)  21318 

11  v 

20  496 

17  083 

18  381 

11373 

21-305 

51 

50 

53 

49 

53 

50 

53 

0  07348 

0-07390 

0  07378 

0  07390 

0  07361 

0-07390 

007304 

0  07330 

0  07337 

0  07339 

0  07346 

007374 

62  339 

62  358 

62  353 

62-358 

62  346 

62  355 

64* 

61  * 

62i 

61* 

63J 

62 

5264 

2,189 

2, 055i 

2,127i 

1,571 

3,309  75 

6,03187 

6,39315 

5,859  08 

5,890  50' 

4,2411 6 

5,199  34 

53,898 

224,088 

210,396 

217,792 

160,823 

338,819 

53,606 

210,279 

215,427 

221,811 

227,487 

390,941 

2  542 

2-588 

2-558 

2  582 

2'581 

2  063 

1963 

1939 

1856 

1800 

4-380 

4  399 

4-398 

4401 

4-396 

4  412 

58  03 

58  83 

5816 

58  66 

5871 

4675 

44-62 

44  08 

4217 

49  94 

12  67 

21-806 

103734 

80831 

85  387 

32-659 

82  690 

78  682 

61286 

61383 

22785 

22  406 

102-84 

19129 

14612 

158  07 

70  41 

16172 

2120 

54  22 

55  32 

54  02 

46  38 

5113 

4113 

4194 

38  83 

32  36 

13  85 

12770 

49712 

51  301 

52-526 

53  834 

103-898 

' 

57  079 

58-830 

61978 

64-504 

199  50  J 

I  This  experiment  was  made,  under  the  same  conditions,  for  comparison  with  No.  7  experiment 

upon  the  Schiele  fan  (Table  4). 
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HECHANICAL    7ENTILAT0RS.  4c$f> 

APPENDIX    B.— TABLE   4.— EXPERIMENTS  OF    JUNE    3rd, 
L889,  UPON  THE  8CHIELE  FAN  AT  GREAT  WESTERN 

COLLIERY. 

Dimensions,  etc.,  of  the  Fan. 
Description      ...         ...         ...         ...      centrifugal  fan  of  Schiele  type. 

Diameter 

Width,  at  inlet  

„      at  periphery     ... 
I  diameter  of  inlet 


15  feet  3  inches. 

6    „  0     „ 

«->     »i  ■'        ii 

8    ,,  8      ,, 


Xormal  velocity  (6,000  feet  per  minute  =)125'23  revelutions  per  minute. 

Dimensions,  etc.,  of  the  Engine. 

Number  of  cylinders    ...         ...         ...  ...         ■■■         •  ••  one. 

1  Hameter  of  the  piston  . . .     32  inches. 

„         of  piston-rod,  fore  end         ...  .  .  ...  •••       5 

Mean  elective  area  of  the  piston        ...  ...  795'39  square      ,, 

Stroke  of  piston  ,<.  ...  ...  ■••  ...     3G      „ 

Ratio  of  transmssion    ...  ...  ...  by  belting,  about  3*2  to  one. 

Sundry  Particulars. 
Area  of  place  of  measurement  (Fig.  9,  Plate  XV.)...1G2'75  square  feet. 
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APPENDIX  P.— TABLE  4.— GREAT  WESTERN  COLLIERY.  - 


Type  of  Ventilator 


Hate 
Time 


188'.' 


SCHIELE. 


June  3 
11  16  a.m. 


No.  of  Experiment 


Condition  of  Mine 


Temperature,  atmosphere,  wet,  (legs.  Fahr. 
dry 

,,  in  fan  drift,  wet, 

,,  M  dry, 

Pressure  of  atmosphere,  inches  of  mercury 


Results  of  Observations  :— 

Duration  of  experiment,  minutes 

.Mean  revolutions  of  engine,  per  minute    .. 
„  ,,         fan,  per  minute 

,,         anemometer,  per  minute  .. 
Water-gauge:— 

Mean  depression,   at  inlet  of  fan,   JSo.  l., 

inches  

fan  drift,  108  feet  from 
fan,  No.  II.,  inches 
Indicator  Diagrams  :— 

Mean  pressure,  pounds  per  square  inch  :— 
Back  end 


June  3 
1  15  p.m. 


June  3 
11  56  a.m. 


June 
12  54  p. 


Return 
Airway  to 
Ventilator 

closed. 


Front  end 


average 


average 


Average 


,,         average        

Steam  pressure,  pounds  per  square  inch  . . 

Results  of  Calculations:— 

Weight  of  cubic  foot  of  air  of  atmosphere,  pound 
,,  m  ii  f*n  drift,  „ 

,,  ,,  water,  pounds 

Temperature  of  water,  degs.  Fahr 

Mean  velocity  of  air,  feet  per  minute 

Velocity  of  circumference  of  fan,  feet  per  minute 

Mean  volume  of  air,  cubic  feet  per  minute 

At  normal  velocity,  volume  of  air,  cubic  feet  per 

minute  

,,  „        depression  at  inlet,  inches  . . 

,,  ,,  ,,  fan  drift,  inches 

,,       theoretical  depression,  inches 
Manometric  efficiency,  at  inlet  of  fan,  per  cent. 

,,  fan  drift,  per  cent. 

Useful  effect  in  air,  at  inlet  of  fan,  horse-power 

fan  drift,  ,, 

Motive  power  of  engine,  horse-power 

,,  utilized,  at  inlet  of  fan,  percent. . . 

,,  ,,  fan  drift,  per  cent. 

Equivalent  orifice  of  mini 

[nlet  water-gauge,  square  feet 

Drift  „  ,,  ..        .. 


51| 
61 

62 

62i 

29  38 


364 
112J 
140i 


T67 
0-21 


(37)  5-068 

(38)  4-521 

(39)  5T28 
4-906 

(37)  7-055 

(38)  5-720 

(39)  5-606 
6-127 

(37)  6062 

(38)  5-120 

(39)  5-368 
5  517 
52 


007463 

007416 

62  361 

61 

147 

5,40777 

23,924 

26,542 

4:446 

46  08 

6:290 

28:82 
2182 


7  081 


Return  Airway  to  Ven- 
tilator closed,  with 
exception  of  Opening  of 
3  sq.  feet. 


Recui 
Airway 
Ventila 
closed,  < 
exceptio 
Openini 
6  sq.  fe 


Air  being 
drawn  from 
Atmosphere. 


62 
67 

65 
29-40 


38(; 
1213 
197g 


197 

-  0-C5 


(49) 
(50) 
(51) 

(49) 
(50) 
(51) 

(49) 
(50) 
(51) 


6  310 
5-963 
6  646 
6-306 
6  871 
6  554 
7-266 
6-897 
6-591 
6-259 
6  956 
6C02 
54 


0-07364 
0  07381 

62-322 
67 

2031 
5,838  95 

33,079 

33,9S1 
2  079 

4-409 
47'IS 

10-254 

36-88 
27  80 


S975 


Air  being         Air  bei 

drawn  from     drawn  f 

Mine.  Atmospl 


58 

m 

61J 

63 
29-385 


133g 

2185 


2-24 
010 


(40)    7139 

(411    6-680 

(42)    6-765 

6-861 

(40)  8163 

(41)  7-950 

(42)  8  920 
8  344 

(40)  7-651 

(41)  7-315 

(42)  7  843 
7  603 

53 


0  07413 
62  351 

223? 

36,415 

34.095 

14  25 
12:843 

27o6 


9-292 


29  41 


293J 


2  41 


(46) 
(47) 
(48) 


7 
7 

(47)    ' 
(48J 


(46) 

147) 
(48) 


5 

8 

8 


18:3 
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rs  of  Experiments  on  the  Schiele  Fan. 


BcHl 

Jun 

Jane  3 

June  3 

June  3 

June  3 

.June  3 

June  3 

;    in. 

10  .">3  A.m. 

2  18  ii.in. 

2  L6  p.m. 

2    1  p.m. 

4  15  p.m. 

1  42  pin. 

4  34  p.m. 

" 

6 

7t 

8 

9 

10 

11 

.Vine  one 

ei  ordinary 

working  con 

iitions. 

Entrance 

Mine  under 

Air 

of  Air 

ordinary 

admitted 

facilitated 

working 

freely  from 

by  opening 

conditions. 

Atmosphere, 

Separation- 

by  opening 

doors  at 

Bottom 

1  >oors  on 

Surface. 

of  Pit. 

59 

58J 

61| 

57 

62 

56J 

66  j 

66 

65 

&oh 

69i 

63i 

63 

63 

62' 

62k 

58" 

65 

64 

63 

63 

63 

6H 

29-42 

2944 

29415 

29-45 

2941 

29  45 

8 

8 

8 

8 

8 

8 

8 

8 

54| 

442 

38A 

392 

262 

422 

131 

20| 

171| 

1391 

120| 

124 1 

83i 

133.1 

332 

1,478| 

1,2101 

1,1051 

1,173| 

7812 

2,0721 

0-02J 

3  84 

2  53 

1-87 

2  02 

0  90 

1-57 

-  0  23 

301 

1  99 

1  41 

1  52 

0  66 

0  44 

(34)    2-907 

(58)  25-910 

(61)  19-622 

(55)  13  045 

(64)  10-967 

(52)    7-636 

(67)  23611 

351    . 

(59)  25o67 

(62)  19934 

56    17-220 

(65)  20-669 

153)    7-652 

(68)  23  807 

(30)    3112 

(60;  25  567 

(63)  19466 

(57)  16100 

(66)  16032 

(54)    7  503 

(69)  23414 

25  681 

19-674 

15 '45,3 

7-597 

23-611 

(34)    3173 

(58)  26-672 

(61)  20-714 

(55)  14459 

(64)  21-458 

(52)    8-844 

(67)  24-824 

3492 

(59)  27  491 

(62)  20  816 

(56)  18-903 

(65)  i 

(53)    8850 

(68)  2 

(36)    3062 

(60)  27o82 

(63)       . . 

(57)  1- 

(66)  18-219 

(54)    8-826 

(69)  25  217 

27-248 

20-765 

17  317 

19-246 

8  810 

25094 

(34)    3040 

(58)  26  291 

(61)  20167 

(55)  13752 

(64)  1621] 

(52)    8241 

(67)  24217 

(35) 

(59)  26530 

(62)  20 -376 

(56)  18062 

(63)  1! 

(53)    8  251 

(68)  24-525 

:  139 

(36)    3  088 

(60)  26  574 

(63)  19466 

(57)  17  345 

(66)  17-125 

(54)    8165 

(69)  24  316 

3  036 

26  465 

20110 

16-385 

17567 

8-219 

24-352 

54 

53 

53 

54 

53 

54 

54 

007456 

0-07385 

0-07391 

0  07381 

0-07416 

0  07374 

0-07359 

0-07460 

0-07390 

0  07410 

007381 

0  07427 

0  07417 

007459 

62. 

62-325 

62-325 

62  329 

62  335 

62325 

62310 

60  J 

66* 

66 

65 

66.' 

46 

1,1341 

1,186 

1,0861 

1,151 1 

777" 

1,9704 

i,ooo-io 

8,222-45 

6,70132 

5,77907 

5,982-68 

3,982-46 

6,395-90 

7,487 

233,424 

193,021 

176,868 

187,366 

126,457 

320,1 

44,917 

170,323 

172,811 

183,620 

188,039 

190,510 

300,794 

0720 

2014 

2-028 

2  015 

2031 

2012 

1381 

1-618 

1  '595 

1-519 

1528 

1-497 

0  387 

4-457 

1)17 

4-425 

4414 

4437 

4  422 

4  432 

1615 

46  27 

45  83 

45  '65 

45-78 

4618 

3116 

3663 

36  05 

3441 

34  43 

33  85 

873 

0-023 

141-079 

76862 

52056 

59-570 

17  909 

79  206 

111-688 

60  l 

39'251 

44-825 

13133 

22198 

2**91 

21004 

12907 

9035 

100'67 

3165 

149  65 

079 

67-16 

57-61 

5917 

52  92 

5317 

46  84 

43  4' 

W52 

4156 

1483 

20910 

45-497 

46  350 

49  318 

50-355 

50*904 

97787 

51184 

52243 

751 

58-010 

59  3 

184-87!) 

i.i  iment  was  i 
the  GuibaJ  fa 

iiit'lc  undei 
u  (Table  3). 

the  same  i 

conditions,  f 

or  comparisoi 

with  No.  8  ( 

sxp<  riment 

ling  appears  t 

o  be  incorre 

:t. 
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APPENDIX  B.— TABLE  5.— EXPERIMENTS  OF  JUNE  8th, 
L889,  UPON  THE  SCHIELE  FAN  AT  NATIONAL 
COLLIERY. 


Dimensions,  etc.,  of  the  Pan. 


Description 
Diameter 
Width,  at  inlet 
,,      at  periphery 

Diameter  of  inlet 


centrifugal  fan  of  Scliiele  type. 
15  feet  3  inches. 
6     •,    0       „ 

3    .,    0       „ 

...        8    „10       „ 


Normal  velocity  (6,000  feet  per  minute  = )  125*23  revolutions  per  minute. 


Dimensions,  etc.,  of  the  Engine. 


Number  of  cylinders   ... 
Diameter  of  the  piston 

,,         of  piston-rod,  fore  end 
Mean  effective  area  of  the  piston 
Stroke  of  piston 
Ratio  of  transmission 


one. 
...     32  inches. 

4-5 

795*G1  square      „ 

36       „ 

by  belting,  about  3'15  to  one. 


Sundry  Particulars. 
Area  of  place  of  measurement  (Fig.  17,  Plate  XVI.)...  160*97  square  feet. 
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APPENDIX  B.— TABLE  5.— NATIONAL  COLLIERY. 


Type  of  Ventilator 

SCHHTLE. 

Date       1889 

June  8 

June  8 

June  8 

June  8 

Time       

4  55  p.m.    i 

5  31  p.m. 

7  11  p.m. 

6    9  p.m. 

No.  of  Experiment 

c 

1 

2 

3 

Condition  of  Mine          

Return  Airway  to  Ven- 

Return Airway  to  Vent 

tilator  closed. 

lator  closed,    with    e> 

ception  of 

Opening  c 

3  sq.  feet. 

Air  being 

Air  being 

drawn  from 

drawn  froi 

Atmosphere. 

Mine. 

Temperature,  atmosphere,  wet,  (legs.  Fahr. 

1 
60i 

62 

59 

62 

,.                      .»              dry,            ,, 

65 

67 

63 

66| 

,,              in  fan  drift,  wet.          ,, 

73* 

73i 

72f 

734 

dry, 

76" 

76 

75i 

75J 

Pressure  of  atmosphere,  inches  of  mercury 

2918 

29-18 

29  18 

2918 

Results  of  Observations:— 

Duration  of  experiment,  minutes 

8 

8 

8 

8 

Mean  revolutions  of  engine,  per  minute  . . 

6 

39| 
1231 

43f 

39| 

,,                   ,,     fan,  per  minute 

19 

137| 

123| 

,,                  „     anemometer,  per  minute  . . 

57i 

143| 

132| 

Water-gauge  :— 

Mean   depression,   at  inlet  of  fan,  No.  I., 

inches    

0  07 

2-32 

310 

256 

,,            ,,              fan  drift,  58  feet  fron 

fan,  No.  II.,  inches. . 

-  0-38 

-  036 

-  0  03 

-  024 

at  bottom  of  Shaft,  No.  III. 

* 

* 

* 

* 

Indicator  Diagrams  :— 

Mean  pressure,  pounds  per  square  inch : — 

Back  end           

(1)  2 -03  j 

(4)  7-744 

(16)  9-019 

(7)  8348 

,, 

(2)  30ir, 

5    7-142 

(.17)  9130 

(8)  8636 

»         

(3)  3130 

(6)  6857 

(18)  8-901 

(9)  9260 

,,         average        

2740 

7-248 

9017 

8-748 

Front  end           . .         .           

(1)  3901 

(4)  7467 

(16)  8-387 

(7)  8164 

,, 

(2)  4-211 

(5    7370 

(17)  8-580 

(8)  8-877 

., 

(3)  3-151 

(6)  7-347 

(18)  8-674 

(9)  9  071 

,,         average 

3-7.14 

7  395 

8-547 

8704 

average               

(1)  2-968 

(4)  7-605 

(16)  8703 

(7)  8256 

,, 

(2)  3630 

(5)  7'256 

(17)  8855 

(8)  8-756 

. 

(3)  3140 

(6)  7102 

(18)  8783 

(9)  9 

, ,        average 

3246 

7321 

8-782 

8726 

Wceam  pressure   pounds  per  square  inch. 

66 

63 

61 

61 

Results  of  Calculations:— 

Weight  of  cubic  foot  of  air  of  atmosphere,  pound 

007317 

0-07295 

0  07353 

0  07301 

>,                  ,,           ,,           fan  drift             ,, 

007146 

007146 

007128 

007121 

,,                   ,,             water,  pounds 

62  335 

62322 

62  348 

62  325 

Temperature  of  water,  degs.  Fahr. 

65 

67 

63 

66| 

Mean  velocity  of  air,  feet  per  minute 

67 

150 

Velocity  of  circumference  of  fan,  feet  per  minute 

91027 

5,934-77 

6,587  54 

5,T 

Mean  volume  of  air,  cubic  feet  per  minute 

10,785 

24,146 

22,415 

At  normal  velocity,  volume  of  air,  cubic  feet  per 

minute         

10,902 

21,991 

22,660 

,,                   ,,       depression  at  inlet,  inches  . . 

3-041 

2  371 

2571 

2616 

,,                    ,,                    ,,            fan  drift,  inches 

,,                   ,.       theoretical  depression,  inches 

4-323 

4-318 

4-328 

4-312 

Manometric  efiiciency,  at  inlet  of  fan,  per  cent. 

70-34 

5491 

59-40 

6067 

,,                  ,,               fan  drift,  per  cent. 

Useful  effect  in  air,  at  inlet  of  fan,  horse-power. . 

3-93 

1178 

90S 

,,             ,,              fan  drift,               ,, 

Motive  power  of  engine,  horse-power 

2-815 

4F694 

55-344 

49-638 

,,              utilized,  at  inlet  of  fan,  per  cent. . . 

9  42 

21-28 

1819 

,,                   ,,               fan  drift,  per  cent.     .. 

Equivalent  orifice  of  mine  : 

Inlet  water-gauge,  square  feet 

2-670 

5  174 

5-276 

Drift 

No  observation  recorded. 
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Ki>n/rs  of  Experiments  on  the  Sghiele  Kan. 


SCHIl  i  i 

June  S 

June  8 

.June  8 

June  8 

June  8 

June  8 

June  8 

Juue  8 

6  57  p.m. 

P.m. 

8  33  p.m. 

8  52  p.m. 

9  14  p.m. 

8  5  p.m. 

9  35  p.m. 

7  42  p.m. 

-I 

5 

61 

7 

8 

'.i 

10 

// 

rn    Airw 

ay   to    Vtnti 

Mine  under  ordinary  work- 

Entrance 

Mine  under 

Air  admitted 

Mine  under 

lator  closet. 

,  with  ezoep 

ing  conditions. 

of  Air 

ordinary 

freely  from 

ordinary 

tion  of  Opt 

ning  of  6  sq. 

facilitated 

working 

Atmosphere  by 

working 

by  opening 
Separation- 
doors  at 

conditions. 

opening  doors 
on  Surface. 

condition?. 

Air  b<  Log 

Air  being 

Bottom  of 

drawn  from 

drawn  from 

Pit. 

i 

Atmosphere. 

00 

Mine. 

61 

56 

55 

53 

57  h 

52 

58?j 

64 

60 

59 

57| 

ill.'. 

57 

61  h 

72 l. 

684 

6?£ 

66* 

70? 

64 

71| 

74f 

70* 

69 

88 

72  i 

65  j 

74 

2918 

29-18 

2918 

29  18 

29-18 

2918 

2918 

8 

8 

8 

8 

8 

8 

8 

8 

4". 

40?. 

525 

38 

245 

3-2 

5f 
18* 

1271 

127" 

164f 

119S 

78* 

120g 

179?. 

2083 

825* 

1,080 

893* 

632 

12071 

331! 

2-46 

246 

200 

3-37 

173 

075 

166 

0  04 

-  005 

-  012 

163 

2  85 

136 

0T.0 

120 

-  002 

* 

2  45 

0  80 

* 

0  30 

(13)    9210 

(10)    9-586 

(25)  18144 

(28)  30323 

(31)  18961 

(22)  8  074 

(34)  20-387 

(19)  3391 

(14)    8636 

(11)  10175 

(26)  18-920 

(29)  29291 

(32)  18-602 

(23)  7  894 

(35)  20-342 

(20)  4004 

(15)  10043 

(12)    9-000 

(27)  19-179 

(30)  29745 

(33)  18-219 

(24)  8303 

(36)  20-364 

(21)  3750 

9-296 

9"587 

18748 

29-785 

18594 

8  090 

20  364 

3/15 

(13)    8534 

(10)    9415 

(25)  16-025 

(28)  25686 

(31)  16911 

(22)  8-140 

(3)  18481 

(19)  3355 

(14)    8571 

(11)    8739 

(26)  15851 

(29)  26-892 

(32)  16914 

(23)  8359 

(35)  18-218 

(20)  3733 

(15)    9521 

(12)    8  282 

(27)  16*352 

(30)  27  051 

(33)  15  996 

(24)  8466 

(36)  18-2)5 

(21)  3807 

8-875 

8812 

16  076 

26  543 

16607 

8  322 

18  301 

3  632 

(13)    8872 

(10)    9-501 

(25)  17  085 

(28)  28-005 

(31)  17-936 

(22)  8-107 

(34)  19  434 

(19)  3373 

(14)    8603 

(11)    9-457 

(26)  17-386 

(29)  28  092 

(32)  17759 

(23)  8-126 

(35)  19250 

(20)  3'868 

(15)    9782 

(12)    8641 

(27)  17-765 

(30)  28399 

(33)  17108 

(24    8  385 

(36)  19  284 

(21)  3'778 

9  086 

9199 

17412 

28-165 

17601 

8-205 

19  333 

3  673 

61 

62 

62 

59 

63 

60 

62 

64 

007339 

007321 

0  07400 

0-074P5 

007440 

0  07376 

007464 

007373 

007164 

0  07164 

0  07234 

007252 

007268 

007199 

007321 

007177 

62  342 

62  335 

62-366 

62371 

62-380 

62-358 

62-382 

62  358 

64 

65 

eo 

59 

57! 

61| 

57 

61 1 

185} 

214 

819 

1,063 

885 

631 

1,183 

334?, 

6,07251 

6,108-44 

6,084-49 

7,893-07 

5,71918 

3,74891 

5779-36 

874  34 

29,860 

34, 447 

131,834 

171,111 

142,458 

101,572 

190,427 

53,844 

29,502 

33,833 

129,996 

130,065 

149,445 

162,554 

197,697 

369,473 

2401 

2  379 

1944 

1947 

1903 

T920 

1789 

1833 

1584 

1646 

1-496 

1537 

1-293 

4-335 

4-330 

4  373 

4  383 

4  394 

4  355 

4  417 

4  348 

55  38 

54  94 

44  45 

44  42 

4331 

44  09 

37"58 

4215 

36  22 

37  55 

34  04 

35  29 

2716 

1156 

13-33 

4152 

90  81 

3882 

11-99 

49  80 

0339 

33  84 

76  80 

30  51 

9  59 

36  00 

53562 

54107 

100749 

214  405 

96750 

29-527 

12879 

3  055 

2158 

24  63 

4121 

42  35 

4012 

40  60 

38-66 

1109 

33  58 

35  82 

3153 

32-47 

27-94 

7  189 

8-287 

35  353 

35  385 

41175 

44391 

56  331 

101  889 

39157 

38  476 

46-851 

49752 

66  251 

J  This  experiment  was  made,  under  the  same  conditions,  for  comparison  with  No.  8  experiment  upon  the  Waddle 
fan  (Table  6). 
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APPENDIX  B.— TABLE  6.— EXPERIMENTS  OF  JUNE  9th 
1889,  UPON  THE  WADDLE  FAN  AT  NATIONAL 
COLLIERY. 


Dimensions,  etc.,  of  the  Fan. 

Description 
Diameter 

Width,  at  inlet 

„      at  periphery    ... 
Diameter  of  inlet, 


centrifugal  fan  of  Waddle  type. 
-15  feet  0  inches. 


4  2 

+       11        L  :> 


15    „    0 


Normal  velocity  (G,000  feet  per  minute  =)  42*44  revolutions  per  minute. 


Dimensions,  etc.,  of  the  Engine. 


Number  of  cylinders  ... 

Diameter  of  the  piston 

„         of  piston-rod,  back  end, 
„  „  fore  end, 

Mean  effective  area  of  the  piston 

Stroke  of  piston 

Ratio  of  transmission  ... 


... 

one 

...     36  inches 

5 

ii 

5 

ii 

999*20  square  inches 

42 

i> 

direct,  as  one  to 

one. 

Sundry  Particulars. 
Area  of  place  of  measurement  (Fig.  17,  Plate  XVI.). ..160-97  square  feet. 
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APPENDIX  B.— TABLE  G.— NATIONAL  COLLIERY. 


Type  of  Ventilator 

Waddle. 

Date       1889 

June  9 

June  9 

June  9 

June  9 

June  9 ■ 

Time       

11  41  a.m. 

4  0  p.m. 

12  10  p.m. 

3  36  p.m. 

1  9  p.m  j 

No.  of  Experiment 

a 

b\ 

1 

2 

3 

Condition  of  Mine          

Return 

Mine 

Return 

Return  A 

irway  to  1 

Airway  to 

under 

Airway  to 

Ventilator  closed,  wi 

Ventilator 

ordinary 

Ventilator 

exception  of  Openiu 

closed. 

working 
conditions. 

closed. 

of  3  sq 

.  feet. 

Air  being 

Air  beiul 

drawn  from 

drawn 

Atmos- 

from 

phere. 

Mine. 

Temperature,  atmosphere,  wet,  degs.  Fahr. 

56 

54 

55 

55 

55 

,,                      ,,              dry,            ,, 

60 

56 

60 

59 

60 

„              in  fan  drift,  wet,           ,, 

68J 

68 

68i 

69 

68J 

,,                      ..              dry,           ,, 

70| 

70 

70f 

71 

70J 

Pressure  of  atmosphere,  inches  of  mercuiy 

29  02 

28-98 

29  02 

28  99 

29  02 

Results  of  Observations:— 

Duration  of  experiment,  minutes 

8 

8 

8 

8 

8 

Mean  revolutions  of  engine,  per  minute  . . 

8$ 

to  -oo 

391 

45i 

,,               ,,         fan,  per  minute 

81 

to-oo 

39| 

45* 

,,               ,,         anemometer,  per  minute  .. 

* 

374 \ 

1131 

150| 

lG7i 

Water-gauge :— 

Mean  depression,   at  inlet  of  fan,  No.   I., 

inches 

0  09 

000 

178 

2  50 

2  29 

, ,           , ,                 fan  drift,  50  feet  from 

fan  No.  IT.,  inches 

-  0  08 

o-oo 

-  0  40 

-  0-06 

-  015 

,,          bottom  of  shaft,  No.  III. 

* 

030 

* 

* 

* 

Indicator  Diagrams  :— 

Mean  pressure,  pounds  per  square  inch  :— 

Back  end 

(1)  3288 

(4)  6861 

(16)  8-097 

(10)    77: 

(2)  3234 

(5)  7-449 

(17)  8273 

(ID  8-2: 

,, 

(3)  3-089 

(6)  6-882 

(18)  8-561 

(12)    80- 

,,        average        

3  204 

7-064 

8310 

801 

Front  end          

(1)  3590 

(4)  8066 

(16)  9-046 

(10)  10-51 

,, 

(2)  3333 

(5)  8973 

(17)  9301 

(11)    97! 

,, 

(3)  3219 

(6)  8120 

(18)  9-387 

(12)    91i 

,,        average         

3381 

8-386 

9  245 

9-8: 

Average 

(1)  3-439 

(4)  7-464 

(16)  8-571 

(10)    9-1- 

,, 

(2)  3-283 

(5)  8211 

(17)  8787 

(11)    89! 

,, 

(3)  3154 

(6)  7  501 

(18)  8-975 

(12)    8-61 

,,        aveiage         

3  292 

000 

7-725 

8778 

89 

Steam  pressure,  pounds  per  square  inch  . 

61 

* 

57 

62 

63 

Results  or  Calculations:— 

Weight  of  cubic  foot  of  air  of  atmosphere,  pound 

0  07376 

0  07421 

0  07407 

007383 

0  0737' 

,,                  ,,            >>           fan  drift,           ,, 

0W237 

0  07203 

0  07237 

007188 

0  07201 

,,               water,  pounds 

62  366 

62-366 

62-371 

62-366 

Temperature  of  water,  degs.  Fahr. 

60 

56 

60 

59 

60 

Mean  velocity  of  air,  feet  per  minute 

376  A 

121J 

157* 

Velocity  of  circumference  of  fan,  feet  per  minute 

1,201-66 

o-co 

5,566-52 

6,379  41 

..in  ; 

Mean  volume  of  air,  cubic  feet  per  minute 

160,605 

19,518 

25,312 

27,928 

At  normal  velocity,  '-olume  of  air,  cubic  feet  per 

minute 

21,037 

23,805 

„               ,,       depression  at  inlet,  inches  . . 

2-243 

2  067 

2211 

2  003 

,,                 ,,            fan  drift,  inches 

,,       theoretical  depression,  inches 

4-366 

4:376 

4:353 

Manoiaetric  efficiency,  at  inlet  of  fan,  per  cent 

5137 

47-23 

5079 

45  95 

,,               fan  drift,  per  cent.     . . 

Useful  effect  in  air,  at  inlet  of  fan,  horse-power 

5:47 

9:96 

10  07 

,,               fan  drift,               ,, 

Motive  power  of  engine,  horse-power 

5-930 

64  470 

83  956 

,,              utilized,  at  inlet  of  fan,  per  cent. . . 

8-48 

1186 

,,                                   fan  drift,  per  cent.     . . 

Equivalent  orifice  of  mine  : 

Inlet  water-gauge,  square  feet 

5  550 

6  062 

6-986 

Drift 

•• 

No  observation  recorded. 


!  Natural  ventilation  produced  with  fan  standing. 
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Results  of  Experiments  ox  the  Waddu:  Faj 

• 

Wauj.i.k. 

Jllllt'  9 

.lime  8 

June  '.I 

June  9 

June  0 

June  '.I 

.June  9 

June  9 

p.m. 

12  43  p.m. 

6  10  p.m. 

5  14  p.m. 

5  44  p.m. 

i  36  p.m. 

4  20  p.m. 

6  35  p.m. 

4 

i      5 

6 

7 

SI 

9 

10 

11 

urn  Airway  to 

Entrance 

Mine  nnder  or  dinar: 

working  conditions. 

Aii- 

\    Qtilator  closed,  with 

of  Air 

admitted 

•ion  of  Opening 

facilitated 

freely  from 

of  6  sq.  feet. 

by  opening 

Atmosphere, 

Separation- 
doors  at 
Bottom  of 
Pit. 

by  opening 
Doors  on 
Surface. 

eing 

Air  being 

i  from 

drawn 

Atn 

from 

phere 
1 

Mine. 

I 

55 

51 

52£ 

52 

54 

54 

51 

- 

60 

56 

56  i 

55 

57 

56* 

56 

r 

68£ 

62 

64  i 

65 

66 

67| 

61  h 

64 

66} 

662 

67£ 

69 

63" 

29  02 

28  97 

28-98 

28  98 

28-98 

28-98 

28-97 

.          8 

8 

8 

8 

8 

8 

8 

8 

42 

43 

41.? 

54£ 

101 

43 

26§ 

392 

42 

43 

«l 

542 

40| 

43 

26jf 

39f 

182} 

2l9i 

722- 

782^ 

855J 

5702 

1,131} 

1'98 

211 

168 

3  01 

163 

T77 

0-66 

149 

C 

-014 

165 

3  00 

162 

174 

0  65 

147 

267 

1  56 

170 

090 

* 

7-687 

(7)    7-987 

(31)  13679 

(25)  23178 

(28)  11-946 

(22)  14027 

(19)    6599 

(34)  15-101 

(8)    8-169 

(32)  14765 

(26)  22929 

(29)  12-187 

(23)  14  070 

(20)    6-735 

(35)  15X00 

7  483 

(9)    8169 

(33)  14-380 

(27)  23112 

(30)      . . 

(24)  14434 

(21)    6-726 

(36)  15640 

7  642 

8108 

14275 

23-073 

12  066 

14177 

6"687 

1 5  247 

13)    8  926 

(7)    9463 

(31)  14356 

(25)  22-648 

(28)  12-819 

(22)  14670 

(19)    7  685 

(34)  15-914 

3724 

(8)    9  645 

(32)  14  636 

(26)  22  894 

(29)  12924 

(23)  14-636 

(20)    7-752 

(35)  15-236 

8  913 

(9)    9  626 

(33)  15531 

(27)  22-269 

(30)      . . 

(24)  15-099 

(21)    8-188 

(36)  16  092 

8854 

9  578 

14  841 

22-604 

12871 

14-802 

7  875 

15747 

8  306 

(7)    8-725 

(31)  14017 

(25)  22-914 

(28)  12  382 

(22)  14349 

(19)    7142 

(34)  15507 

8  240 

(8)    8907 

(32)  14  701 

(26)  22912 

(29)  12556 

(23)  14353 

(20)    7  244 

(35)  15-118 

8198 

(9)    8897 

(33)  14  955 

(27)  22-691 

(30)      .. 

(24)  14767 

(21)    7457 

(36)  15866 

8  248 

8  843 

14-558 

22  839 

12469 

14490 

7-281 

15  497 

53 

61 

61 

56 

64 

61 

63 

64 

0  07398 

0  07377 

0  07428 

007427 

0  07388 

0  07409 

0  07433 

0  07428 

117297 

0  07209 

0  07294 

0  07260 

0  07203 

0-07248 

007215 

0  07303 

62  366 

62-387 

62-385 

62391 

62-382 

62;85 

62-387 

:>i 

60 

£6 

56A 

55 

57 

56i 

56 

i     188 

225 

719» 

983" 

778 

848 

571 

1,111} 

5.937 '62 

6,07899 

5,902  28 

7,74011 

5,707-89 

6,078  99 

3,728-68 

5,637-20 

36,218 

115,778 

158,234 

125,235 

136,502 

91,914 

178,878 

35,746 

117,691 

122,656 

131,640 

134,724 

147,898 

190,385 

2021 

2  055 

1735 

1808 

1809 

1724 

1708 

1687 

1683 

1-803 

1  791 

1695 

1691 

1665 

1     4*390 

4  358 

4  398 

4  387 

4  358 

4  378 

4  372 

4  400 

4715 

39  45 

4121 

4151 

39  37 

S9  06 

38  34 

38  26 

4111 

4109 

3871 

38  67 

37  84 

9  43 

12  03 

30  64 

75  02 

3216 

38-05 

9  "55 

41  99 

30  09 

7477 

3196 

3741 

941 

4142 

80:597 

128524 

265  035 

106705 

132390 

40579 

130975 

1492 

23  84 

28  35 

3014 

2874 

23  53 

32  06 

23  41 

28  21 

29  95 

28-25 

2318 

3162 

8125 

9  443 

33-979 

34  504 

37152 

38 -in;;, 

42  965 

55795 

34-286 

34  816 

37276 

39316 

43282 

56  179 

hia  experiment  was  made,  under  the  same  conditions,  for  comparison  with  No.  6  experiment  upon  the  Schiele 

fan  (Table  5). 
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APPENDIX  B.— TABLE  7.— EXPERIMENTS  OF  JANUARY 
19th  and  20TH,  1889,  ITON  THE  (I  (MBA  I,  FAN  AT 
PELTON  COLLIERY. 


Dimensions,  etc.,  of  thr  No.  2  Fan. 


Description 

Diameter 

Width,  at  inlet  

„     at  periphery 
Diameter  of  inlet         ...         ...         ...  ...         ...         ...         13     ,, 

Normal  velocity  (6,000  feet  per  minute  =)  53*05  revolutions  per  minute 


centrifugal  fan  of  Guibal  type. 

3G  feet. 

12     „ 

12     „ 


Dimensions,  etc.,  of  the  Engine. 


Number  of  cylinders  ( 1  in  reserve  ) 

Diameter  of  the  piston 

.,         of  piston-rod,  back  end 
,.  „  fore  end 

Mean  effective  area  of  the  piston 

Stroke  of  piston 

Ratio  of  transmission 


one. 
30  inches. 

..  i$ 

55 

..      4J 

55 

688-20 

square 

inches. 

• 

..     30 

inches. 

direct, 

as  one 

to  one. 

Sundry  Particulars. 


Area  of  place  of  measurement  (Fig.  19,  Plate  XVI.)... 78*53  square  feet. 
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APPENDIX  B.— TABLE  7.— PELTON  COLLIERY.— 


Type  of  Ventilator 

GUIBAL. 

Date        1889 

Jan.  19 

Jan.  19 

Jan.  19 

Jan.  1 

Time       

7  50  p.m. 

7  28  p.m. 

6  45  p.m. 

6  10  p.) 

No.  of  Experiment 

a 

h 

1 

2 

Condition  of  Mine          

Return 

Airway  to 

Return  Airway  to  Ventila 

Ventilator  closed. 

closed,   with 

exception 

Opening  of  3 

sq.  feet. 

Entrance  of  Air 

facilitated     by 

Air  beii 

opening  Separa- 

drawn fj 

tion-doors      at 

.Mine 

Bottom  of  Pit. 

Temperature,  atmosphere,  wet,  clegs.  Fahr. 

44 

44 

43£ 

42 

dry,            ,, 

45A 

45| 

45 

41 

„              in  fan  drift,  wet,           ,, 

56| 

56  i 

56 

56 

,,                      ,,             dry,            „ 

56-i 

56i 

56 

,,              bottom  of  pit,                ,, 

* 

* 

* 

# 

Pressure  of  atmosphere,  inches  of  mercury 

2971 

29-71 

2971 

2972 

Results  of  Observations:— 

Duration  of  experiment,  minutes 

8 

8 

8 

8 

Mean  revolutions  of  engine,  per  minute   . . 

7-625 

54-250 

54-125 

„               ,,         fan,  per  minute 

7-625 

54  250 

54125 

,,         anemometer,  per  minute   . . 

* 

* 

356-70 

353  40 

Water-gauge  :— 

Mean  depression,  at  inlet  of  fan,   No.   I., 

inches 

0050 

2-950 

2-8C0 

2  790 

,,             ,,               fan  drift,  16  feer,  from 

fan,  No.  II.,  inches 

0  050 

2-900 

2  820 

270J 

,,             ,,              bottom  of  shaft,  No. 

III.,  inches 

* 

1-000 

1000 

2'50O 

Indicator  Diagrams  :— 

Mean  pressure,  pounds  per  square  inch:— 

Back  end 

34)  F416 

(31)  14784 

(25)  14754 

(35)  0-772 

(32)  14-875 

(26)  15-249 

(20)  14-3; 

(36)  4-432 

(33)  15-093 

(27)  15-404 

(21)  14-41 

,,        average        

2-203 

14917 

15  135 

Front  end           

(34)  1-156 

(31)    8838 

(25)    9-729 

(ll1)   »1( 

(35)  0-772 

(32)    9-643 

(26)    8-981 

(20)   90; 

(36)  2-436 

(33)    9-182 

(27)    9-106 

(21)    9-Y, 

average        

1454 

9-221 

9-272 

Average 

34)  1-286 

(31)  1F811 

(25)  12241 

(19)  UK 

35)  0772 

(32)  12-259 

(26)  12-115 

(20)  1171 

. 

36)  3434 

(33)  12137 

(27)  12  255 

(21)  117 

average 

1-831 

12-069 

12204 

117 

Steam  pressure,  pounds  per  square  inch  .. 

61 

63 

63 

RESULTS  of  OA1-CULATION8  :  — 

Weight  of  cubic  foot  of  air  of  atmosphere,  pound 

0-07781 

007781 

0-07788 

0  07808 

,                    ,,             ,,            fan  drift,           ,, 

007613 

007613 

007604 

007607 

,,                water,  pouuds 

62-420 

62420 

62  421 

Temperat   r<>  of  water,  degs.  Fahr. 

45£ 

45j 

45 

Mean  velocity  of  air,  feet  per  minute 

356 

Velocity  of  circumference  of  fan,  feet  per  minute 

862-3 

6, 135 '5 

6,1209 

Mean  volume   >f  air,  cubic  feet  per  minute 

28,232 

At  normal  velocity,  volume  of  air,  cubic  feet  per 

minute        

27,671 

,,              ,,        depression  at  inlet,  inches  . . 

2-420 

2-821 

2-747 

,,                    ,,            fan  drift,  inches 

2*420 

2773 

2-709 

theoretical  depression,  inches 

1595 

1595 

Manoinetric  efficiency,  at  iulet  of  fan,  per  rent. 

52-66 

6T39 

59-78 

fan  drift,  per  cent.     . . 

52-66 

60-34 

58-96 

Useful  effect  in  air,  at  inlet  of  fan,  horse-power 

12-72 

fan  drift,               „ 

1254 

1189 

Motive  power  of  engine,  horse-power 

1-45 

68-27 

68  87 

utilized,  at  inlet  of  fan,  per  cent. . . 

18  47 

„                    ..                fan  drift,  per  cent. 

1820 

Equivalent  orifice  of  mine  : 

Inlet  water-gauge,  square  feet 

605 

Drift            ,,                         ,.                  .... 

•• 

6  53 

Vi  obrierv. 

tion  rcor 

ded. 
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Results  of  Experiments  on  the  Guibal  Fan. 


(ii  1 1 -.  \  i 

Jan.  19 

Jan.  20 

Jan.  20 

Jan.  20 

Jan.  20 

.1.01.  20 

:7 1>  in 

p.m. 

1  30  p  in. 

1    8  p.m. 

12  40  p.m. 

1  57  p.m. 

2  19  p.m. 

4 

5 

6 

7  J 

8 

9 

way  to  Ventilator 

Mine  u 

nder  ordinary  working 

Enl  ranee 

Air   admit 

th  exception   of 

conditions. 

of  Air 

freely     from 

facilitated 
by  opening 

Atmosphere, 
hy     opeuinu 

Entrance  of  Air 

Separation- 

Doors        on 

facilitated      by 

doors  at 

Surface. 

opening  Separa- 
tion-doors     at 

Bottom  ot 
Pit. 

Bottom  of  Pit. 

43.'. 

44* 

43/, 

42* 

44 

ir 

44 

4.")" 

461 

46" 

4.V. 

m 

56 

61 

60.', 

61 1 

59; 

56 

* 

61 

* 

60 1 

* 

61 1 

59; 

■ 

29  82 

29-83 

29  83 

29-82 

29  81 

g 

8 

8 

8 

8 

8 

8 

53  37,") 

61250 

52  375 

32  625 

51375 

51-875 

r>3'375 

61  250 

52375 

32625 

51-375 

51- 

597  00 

2,308  75 

2,06375 

1,257  50 

2,384  10 

3,601-40 

2  850 

2729 

3  650 

2-694 

1050 

2  570 

1978 

2  800 

2  698 

3679 

2  631 

1047 

2  533 

1833 

1500 

2  812 

2  175 

0900 

2-067 

* 

(28)  15  187 

(43)  32-700 

(40)  24265 

(37)  11-353 

(46)  26994 

(49)  40-241 

29)  15*472 

(44)  32-792 

(41)  25-662 

(38)  11859 

(47)  29148 

(50)  43-387 

(30)  15879 

(45)  33108 

(42)  25-347 

(39)  11-839 

(48)  29147) 

(51)  43-697 

15512 

32866 

25  091 

11684 

28  429 

42442 

(28)    9749 

(43)  21720 

(40)  16-898 

(37)    8-101 

(46)  17  525 

(49)  25W1 

(29)    9-916 

(44)  22  320 

(41)  17-372 

(38)    8-291 

(47)  18024 

(7)0)  25  436 

(30)    9-706 

(45)  21720 

(42)  17-938 

(39)    7 

(48)  1746! 

(51)  26  667 

9-790 

2P920 

17-402 

8  103 

L7671 

25 '7  27. 

(28)  12-468 

(43)  27-210 

(40)  20-581 

(37)    9727 

(46)  22-260 

(49)  32-656 

(29)  12-694 

(44)  27-556 

(41)  21517 

(38)  10-075 

(47)  23-586 

(7,0)  34-412 

(30)  IS 

(45)  27-414 

(42)  2P642 

(39)    9  873 

(48)  23304 

(51)  35182 

12 

27  393 

21-247 

9-892 

23 

34  083 

63 

61 

61 

60 

63 

59 

0  07788 

0  07792 

0-07801 

0-079 

0  07796 

0  07778 

0  07604 

0-07551 

0-07561 

0  07548 

0-0757S 

0  07802 

62421 

62-418 

62-419 

62-420 

62-41.1 

62-416 

45 

46J 

46 

IV 

464 

474 

597 

2,177 

1,963 

1,230 

2,2425 

3,241 

6,036  1 

6,926-9 

5,923  0 

3,689-5 

5,809  9 

5,866-5 

46,832 

170,960 

154,154 

96,592 

176,KK 

254,516 

148,072 

156,140 

157,063 

181,845 

260,280 

2  738 

2764 

2776 

2  068 

2665 

2-779 

2-768 

2  701 

1917 

4  595 

4  580 

4587 

4-629 

4-652 

58  65 

59-78 

60-25 

5997 

59  69 

44-45 

58  00 

60-67 

57'22 

59-80 

58  84 

4106 

2016 

98-34 

65 '45 

15-98 

7133 

7934 

1993 

99-12 

63-92 

7030 

7041 

17495 

11603 

33-65 

123- IS 

181 

28  63 

56  21 

56-40 

47-49 

5776 

28  30 

56*65 

55  08 

47  31 

3987 

989 

1095 

34  81 

36  54 

42  75 

7079 

11  11 

34o9 

36  80 

43  03 

t  This  experiment  was  made,  under  the  same  conditionp,  for  eomj  arison  with  No.  5  experiment 

upon  the  Waddle  fan  ( Table  8). 
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APPENDIX    B.— TABLE    8.-T-EXPERIMENTS    OF    JANUARY 

19th   and   20th,    L889,    UPON    THE    WADDLE    FAN    AT 
PELTON  COLLIERY. 

Dimensions,  etc,  of  the  Pan. 


I  description 

Diameter 
Width,  at  inlet 

„      at  periphery    .. 
Diameter  of  inlet 


centrifugal  fan  of  Waddle  type. 
...  31  feet  7 "2  inches. 

Q  •> 
O         »               '>  JJ 

1  foot      2      „ 

14  feet       1       „ 


Normal  velocity  (6,000  feet  per  minute  =)  60*44  revolutions  per  minute. 


Dimensions,  etc.,  of  the  Engine. 


Number  of  cylinders  ... 

Diameter  of  the  piston 

„         of  piston-rod,  back  end 
„  „         fore  end 

Mean  effective  area  of  the  piston 

Stroke  of  piston 

Ratio  of  transmission 


one. 
...     24  inches. 

91  5 
...        ^lif       „ 

Q]   .', 

443'30  square  inches. 

...     24  inches. 

direct,  as  one  to  one. 


Sundry    Particulars. 
Area  of  place  of  measurement  (Fig.  20,  Plate  XVI.)  ... 79*17  square  feet 


33 
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APPENDIX  B.— TABLE  8.— PELTON   COLLIERY.— 


Type  of  Ventilator 

Waddle. 

Date        1889 

1 
Jan. 19 

Jan.  19 

Jan.  19 

Jan.  1 

Time       

12  20  p.m. 

12  41p.m. 

3  25  p.m. 

4  30  p.i 

No.  of  Experiment 

a 

6 

1 

2 

Condition  of  Mine         

Return  Airway 

Return  Airway  to  Ve 

to  Ventilator  closed. 

lator   closed,    with 

ception  of 

Opening 

3  sq.  feet. 

Entrance 

of  Air 

facilitated 

Air  bei 

by  opening 

drawn  fi 

Separation- 

Mini 

doors  at  Bot- 

tom of  Pit. 

Temperature,  atmosphere,  wet,  degs.  Fahr. 
,<                   ,,            dry,          ,, 

44 
46 

44| 
464 

44!; 
45^ 

44 
454 

,,              in  fan  drift,  wet,           ,, 

56J 

56^ 

564 

57J 

..                     ii            dry,           ,, 

56£ 

56£ 

56J 

„             bottom  of  pit,                ,, 

* 

* 

* 

Pressure  of  atmosphere,  inches  of  mercury 

29  69 

29  69 

29-69 

29-69 

Results  of  Observations  : — 

Duration  of  experiment,  minutes 

8 

8 

8 

8 

Mean  revolutions  of  engine,  per  minute    . . 

9  00 

65-250 

65-000 

64"CKX. 

,,               „         fan,  per  minute 

9-00 

65-250 

65-000 

64U0 

„              .,         anemometer,  per  minute   . 

* 

* 

283-9 

305-80 

Water-gauge : — 

Mean  depression,   at  inlet  of   fan,   No.  L, 

inches 

0  057 

2  431 

2  400 

2-401 

,,             ,,               fan  drift,  14  feet  from 

fan  No.  II.,  inches 

0  000 

2112 

2-120 

2-121 

,,             „               bottom  of  shaft,  No 

III.,  inches  . . 

* 

* 

* 

2  00C 

Indicator  Diagrams  :— 

Mean  pressure,  pounds  per  square  inch  :— 

Back  end 

(1)  6'844 

(4)    13-571 

(7)    13-584 

(13)  13- 

(2)  6-896 

(5)    13307 

(8)    13691 

114)  13 

(3)  6-290 

(6)    13705 

(9)    14-365 

(15)  13-f 

,,        average        

6-676 

13528 

13-880 

I3i 

Front  end           

(1)  6-666 

(4)    14  076 

(7)    13-626 

(13)  111 

(2)  7-339 

(5)    14-286 

(8)    14-411 

(3)  6384 

(6)    14036 

(9)    14-621 

,,        average        

6-796 

14  132 

14219 

13-! 

Average 

(1)  6755 

(4)    13-823 

(7)    13605 

(13)  13-: 

(2)  7117 

(5)    13796 

(8)    14-051 

(H)  is-; 

(3)  6337 

(6)    13870 

(9)    14493 

(15)  14-i 

,,        average        

6736 

13-830 

14-050 

13-, 

Steam  pressure,  pounds  per  square  inch  . . 

35 

33 

35 

34 

Results  of  Calculations:— 

Weight  of  cubic  foot  of  air  of  atmosphere,  pound 

0  07767 

0-07767 

007774 

,,                  .,           ,,            fan  drift,           ,, 

0  07590 

007594 

•07594 

00757 

,,                  ,,              water,  pounds 

62-419 

62-418 

62  420 

Temperature  of  water,  degs.  Fahr 

46 

46j 

45i 

Mean  velocity  of  air,  feet  per  minute 

288 

Velocity  of  circumference  of  fan,  feet  per  minute 

893-4 

6,477-3 

6,4525 

6,353 

Mean  volume  of  air,  cubic  feet  per  minute 

22,801 

At  normal  velocity,  volume  of  air.  cubic  feet  per 

minute         

21,201 

23,14* 

,,               ,,        depression  at  inlet,  inches  . . 

2:570 

2-085 

2*075 

„               ,,                   ,,           fan  drift,  inches 

0  000 

1814 

1-833 

,,               ,,       theoretical  depression,  inches 

4-584 

4  586 

4  588 

Manometric  efficiency,  at  inlet  of  fan,  per  cent. 

56-06 

45  46 

45  22 

,,                  ,,               fan  drift,  per  cent.     . . 

39-55 

39  95 

41  37 

Useful  effect  in  air,  at  inlet  of  fan,  horse-power 

8 '62 

,,            ,,                 fan  drift,               ,, 

7  61 

Motive  power  of  engine,  horse-power 

3:25 

48;49 

49-07 

,,              utilized,  at  inlet  of  fan,  percent. . 

1756 

,,                  ,,              fan  drift,  per  cent.     . 

1550 

Equivalent  orifice  of  mine  : 

Inlet  water-gauge,  square  feet 

572 

Drift           „                                          ..         . 

6  09 

No  observation  recorded. 
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Result 

-   OF    EXPKBTMENTS   ON 

tin:  Waddle  k.\\. 

- 

Waddle. 

.Ian.  19 

Jan.  -JO 

Jan,  20 

Jan.  20 

Jan.  20 

Jan.  20 

1   17  p.m. 
4 

I  15  p.m. 

5  20  p. in. 

5  45  p.m. 

6  5  p.m. 

6  25  i>. in. 

8 

5J 

6 

c 

7 

y  to  Ventilator 

Mine  under  ordinary 

working 

Entrance 

Air  admitted 

,.    with 

exception    of 

conditions. 

of  Air 

freely  from 

ing  of  i 

5  sq.  feet 

facilitated 
by  opening 
Separation- 

Atmosphere, 

by  opening 

Doors  on 

nice 

doors  at  ' 

Surface. 

bottom  of 

Militated 

Air  being 

Pit. 

ning 

drawn  from 

'Mii- 

Mine. 

Pit. 

15 

43i 

40 

40 

39i 

39 

39 

45 

42 

40 

40" 

39 

39 

58 

59  i 

59J 

59i 

57 

49 

56j 

58 

59J- 

59£ 

59£ 

57 

49 

* 

* 

* 

* 

* 

* 

29-69 

29  69 

29-78 

29-78 

29-79 

29-78 

29'78 

8 

8 

8 

8 

8 

8 

8 

WOOO 

66250 

41500 

57750 

18-687 

55750 

45750 

66250 

41o00 

57-750 

18-687 

55750 

45750 

598  40 

1,09575 

1,58840 

61370 

1,740  00 

2,348-50 

a  m 

2505 

1000 

1893 

0270 

1780 

1100 

2241 

0  950 

1840 

0150 

1700 

1000 

2-000 

0  800 

1350 

0225 

* 

x 

(   15  652 

(16)  16-382 

(52)  15-817 

(55)  27-287 

(58)  7'269 

(61)  28317 

(64)  29-761 

(17)  16414 

(53)  16335 

(56)  28-111 

(59)  7  254 

(62)  28  955 

65    29-920 

16198 

(18)  17-069 

(54)  16024 

(57)  28158 

(60)  7  148 

(63)  28-214 

(66)  29621 

15-887 

16622 

16  058 

27'852 

7-223 

28  495 

29767 

1>96 

(16)  17-006 

(52)  16-660 

(55)  27634 

(58)  7-847 

(61)  28d15 

(64)  28  469 

6  500 

(17)  16978 

(53)  16830 

(5*)  27-515 

(59)  7-912 

62)  28110 

(65)  27-976 

(18)  17410 

(54)  17216 

(57)  27-769 

(60)  7-765 

(63)  28  323 

(66)  27  831 

16917 

17131 

16918 

27-639 

7-842 

28316 

28  092 

'    16-324 

(16)  16694 

(52)  16-238 

(55)  27-4*1 

(58)  7-558 

(61)  28416 

(64)  29115 

155 

(17)  16696 

(53)  16607 

(56)  27-813 

(59)  7  583 

62)  28532 

(65)  28-948 

i-727 

(18)  17240 

(54)  16620 

(57)  27-963 

(60)  7-457 

(63)  28269 

(66)  28-726 

16877 

16489 

27-746 

7  533 

28-406 

28-930 

t 

35 

35 

31 

37 

35 

34 

0  07784 

0  07854 

007886 

0-07890 

007901 

0  07901 

•586 

007567 

0  07564 

0  07564 

0-07567 

007604 

0  07736 

62421 

62425 

62  426 

62  426 

62-426 

62  426 

45 

42 

40 

40 

39 

39 

I 

598  5 

1,077-5 

1,536 

6135 

1,674 

2,211?, 

518 

6,576  6 

4,1197 

5,732  8 

1,855  05 

5,5343 

4,541r6 

052 

47,383 

85,306 

121,605 

48,571 

132,531 

175.084 

r.m 

44,887 

124,238 

127,269 

157,094 

143,680 

231,302 

in 

2  034 

2121 

2  073 

2-824 

2  092 

1919 

1865 

2  015 

2  015 

1569 

1-998 

174  4 

581 

4583 

4  603 

4612 

4614 

4-628 

4-668 

14 

45  47 

46-08 

44-95 

6120 

45  20 

41  11 

4069 

4378 

43  69 

34  01 

4317 

3736 

1870 

1344 

36-28 

2-06 

37  18 

30  35 

1673 

1277 

35  27 

114 

35  51 

27  59 

16 

60  08 

3677 

86-10 

7-56 

85-09 

7112 

30 

3112 

36  "55 

4213 

27-24 

43  69 

42  67 

43 

27-84 

3472 

40  96 

1507 

4173 

3879 

07 

1163 

3325 

3441 

36  56 

3881 

6547 

1231 

34  09 

34  96 

48  83 

39  66 

6872 

i3  experiment  was  made,  under  the  same  conditions,  for  comparison  with  No.  7  experiment 
upon  the  Guibal  fan  (Table  7). 
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APPENDIX  B.  TABLE  9.— EXPERIMENTS  OF  SEPTEMBER 
1st,  1881),  UPON  THE  SOHIELE  FAX  AT  TOWNELEY 
COLLIERY. 


Dimensions,  estc 


Description 

Diameter 

Width,  at  inlet  

„     at  periphery     ... 
Diameter  of  inlet 
Normal  velocity  (6,000  feet  per  minute  =)  15915  revolutions  per  minute. 

Dimensions,  etc.,  of  the  Engine. 


,  of  the   Fan. 


centrifugal  f; 

in  of  Schiele  type 

... 

12  feet  0  inches 

3    „    6 

... 

•  )                  o 

-     1>     °       11 

... 

7    »    (>      11 

Number  of  cylinders  ... 
Diameter  of  the  piston 

.,         of  piston-rod,  fore  end 
Mean  effective  area  of  the  piston 
Stroke  of  piston 
Ratio  of  transmission 


one. 
2G  inches. 


H 


515*026  square  inches. 

...     48  inches. 

by  belting,  about  4|  to  one. 


Sundry  Particulars. 
Area  of  place  of  measurement 


64  square  feet. 


456 


MECHANICAL   VENTILATORS. 


APPENDIX  B—  TABLE  <).— TOWNELEY  COLLIERY. 


Type  of  Ventilator 


Date 
Time 


1889 


No.  of  Experiment   . . 


Condition  of  Mine 


Schiele. 


Sept.  1 
11  0  a.m. 


Mine 

under 

ordinary 

working 

conditions. 


Temperature,  atmosphere,  wet,  degs.  Fahr. 
,,  !)  dry,  i, 

,',  in  fan  drift,  wet,  ,, 

,,  ■<  dry,  ,, 

Pressure  of  atmosphere,  inches  of  mercury 


Results  of  Observations  :— 
Duration  of  experiment,  minutes 
Mean  revolutions  of  engine,  per  minute  . . 
,,  ,,         fan,  per  minute 

,,  ,,        anemometer,  per  minute 

Water-gauge :  — 

Mean  depression,   at  inlet  of  fan,  No. 
inches 

„  ,,  fan  drift,  56  feet  from 

fan,  No.  II.,  inches 
,,  ,,    bottomof  shaft, No.  III.,  ,, 

Indicator  Diagrams : — 

Mean  pressure,  pounds  per  square  inch  :— 
Back  end 


,,        average 
Front  end 


average 


Average 


Results  of  Calculations:— 

"Weight  of  cubic  foot  of  air  of  atmosphere,  pound 
,,  ,,  ,>  fan  drift,  ,, 

,,  ,,  water,  pounds 

Temperature  of  water,  degs.  Fahr 

Mean  velocity  of  air,  feet  per  minute 
Velocity  of  circumference  of  fan,  feet  per  minute 
Mean  volume  of  air,  cubic  feet  per  minute 
At  normal  velocity,  volume  of  air,  cubic  feet  per 
minute         

„  ,,        depression  at  inlet,  inches  . 

,,  ,,  ,,  fan  drift,  inches 

,,  ,,       theoretical  depression,  inches 

Manometric  efficiency,  at  inlet  of  fan,  per  cent. 

,,  ,,  fan  driff,  per  cent.     . 

Useful  effect  in  air,  at  inlet  of  fan,  horse-power 

I,  <<  fan  drift,  „ 

Motive  power  of  engine,  horse-power 

,,  utilized,  at  inlet  of  fan,  per  cent. . 

,,  ,,  fan  drift,  per  cent. 

Equivalent  orifice  of  mine  :— 

Inlet  water-gauge,  square  feet 

Drift  „  „  ... 


56i 
58 
63^ 
64 
29  65 


to 

+0 
1611 


0  00 
003 


Sept.  1 
3  25  p.m. 


Sept.  1 
3  47  p.m. 


Sept. 
4    5  p. 


Return  Airway  to  Venti- 
lator closed. 


0  07704 

007461 

62377 

58 

167 

lo',688 


0  05 


571 

57| 

59| 

60 

63 

63 

64 

64 

29  61 

29  61 

20 


0  05 
0  00 


(49)  3-465 

(50)  3-181 

(51)  3-198 
3-281 

(49)  1-960 

(50)  1150 

(51)  1662 
1591 

(49)  2713 

(50)  2166 

(51)  2-430 
2-436 


0  07527 
0  07452 
62-369 
59i 

753-984 


3  160 
0000 
4477 
70  58 


1  37 


Retui  j 

Airwa1 1 

Ventili 

closed,   I 

exceptic 

Openi 

of  3  sq. . 

Air  bei 

drawn  1 

Min< 


37i 
65| 


2  34 
0  00 


(52)  7-191 

(53)  7-802 

(54)  8377 
7-790 

(52)  4650 

(53)  5317 

(54)  5-863 
5277 

(52)  5  920 

(53)  6  560 

(54)  7-090 
6-524 


0  07521 

0  07452 

62  367 

60 

6,234'-505 


2160 
0(J00 
4  474 
48-27 


30  54 


No  observation  recorded, 
t  Natural  ventilation  produced  with  fan  standing. 
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Results  of  Experiments 

ON  T 1 1  H 

BOH]  i.i.i: 

Fan. 

8<    Hill    1 

it.  1 

Bept.  l 

Si  pt,  1 

Sept.  1 

Sept.  1 

Sept.  1 

Sept.  1 

Scp^  1 

p.m. 

i  -  ■  p.m. 

»   15  p.m. 

12  15  p.m. 

ii    '.">  a.m. 

11  30  a.m. 

pin. 

2  20  p.m. 

2 

3 

4 

5 

6 

7 

8 

9 

Return 

j  Return  Airw 

ay  to  Venti- 

Mine  un 

der  ordinary 

working 

Entrance 

Air  admitted 

hit'  t  close 

1,  with  ezcep 

conditions. 

of  Air 

freely     from 

lator 
with 

bion  of  Op 

ening  of  6  s«i. 

facilitated 

Atmosphere, 

feet. 

by  opening 

by      opening 

ion  of 

Separation- 

Doors          in 

ing 

Mine  and  on 
Surface. 

feet . 

at  bottom 

eing 

Air  being 

Air  being 

of  Pit. 

drawn  from 

drawn  from 

drawn  from 

atmosphere. 

Mine. 

Atmosphere. 

58? 

57 

58 

57J 

57j 

564 

56? 

564 

60 

60 

59| 

58 

58J 

574 

59| 

58? 

62? 

604, 

604 

61} 

614 

61 

574 

63* 

8ii 

60| 

6H 

61* 

bl 

594 

29-61 

29  60 

29  61 

29-65 

29  66 

29  66 

29  65 

29  63 

8 

8 

8 

8 

8 

8 

8 

8 

34? 

37g 

40 

36f 

28? 

37| 

335 

152^ 

1654 

176J 

160J 

126* 

764| 

167 

1484 

398f 

506g 

1,0371 

946| 

1,4354 

2,590 

249 

210 

2  44 

2  60 

216 

133 

218 

125 

0  01 

011 

0  03 

2  32 

196 

121 

1-97 

103 

* 

* 

* 

2  23 

186 

120 

# 

* 

-  433 

(58)  8  059 

(61)  9  201 

(40)  11  421 

(37)    9  949 

(34)  7959 

(43)  11451 

(4u)  15  169 

(65)  8  249 

(59)  8/80 

(62)  9754 

(41)  12086 

(38)  10-927 

(35)  7-801 

(44)  12  388 

(47)  16474 

(66)  9  285 

(60)  8  483 

(63)  9832 

(42)  12714 

(39)  11  073 

(36)  8172 

(45)  14  265 

(48)  16  571 

8  656 

S440 

9  595 

12074 

10  649 

7  978 

12701 

16071 

(64)  6135 

(58)  5-539 

(61)  6  698 

(40)    9-230 

(37)    7-775 

(34)  5477 

(43)    8431 

(46)  11  159 

6  180 

(59)  5  476 

(62)  7-381 

(41)    9397 

(38)    8  296 

(35)  6  216 

(44)  10-048 

(47)  12666 

(66)  6762 

(60)  6523 

(63)  7186 

(42)  10095 

(3.')    8421 

(36)  6  396 

(45)  10707 

(48)  12105 

6  359 

5  846 

7  088 

9  574 

8  084 

6  029 

9728 

11977 

.  -J84 

(58)  6-799 

(61)  7-950 

(40)  10325 

(37)    8-862 

(34)  6718 

(43)    9-942 

(46)  13164 

1  215 

7  128 

(62)  8568 

(41)  10741 

(38)    9  611 

(35)  7  010 

(44)  11-218 

(47)  14570 

(66)  S  023 

(60)  7  504 

(63)  8  510 

(42)  11405 

(39)    9-747 

(36)  7  284 

(45)  12486 

(48)  14  338 

7-508 

7144 

8  343 

10  824 

9  407 

7-004 

11215 

14  024 

0-07520 

0  07518 

0  07528 

0  07561 

0  07560 

007568 

0  07530 

0C7543 

0-07459 

0-07469 

0-07488 

007513 

0C7502 

0  07501 

0  07507 

0  07531 

62  367 

62  367 

62  369 

62  377 

62  376 

62  379 

62  368 

62  373 

60 

69 

594 

58 

581 

57i 

59? 

58? 

311 

400J 

5074 

1,022? 

936 

760? 

1,395| 

2,418i 

713 

5,753  840 

6,239217 

6,635  059 

6,041296 

4,759-524 

6,295766 

5,588  906 

19,904 

25,632 

32,480 

65,456 

59,904 

48,688 

89,322 

154,768 

18.579 

26,728 

31,234 

59,190 

59,494 

61,377 

85,125 

166,151 

2170 

2  283 

2  256 

2126 

2130 

2114 

1977 

1440 

0008 

0119 

0  027 

1890 

1930 

1920 

1780 

1180 

4470 

4  475 

4  489 

4  504 

4  500 

4  502 

4  493 

4  504 

43  4S 

50  "95 

5025 

47  21 

47  33 

46  97 

44-00 

31  97 

019 

2  67 

062 

4196 

42  89 

42  65 

39  61 

26  20 

7  80 

8-47 

1247 

26  80 

2038 

1019 

3063 

30  46 

003 

044 

015 

23  92 

18  49 

9  28 

27-71 

25  10 

36  21 

30  99 

39  29 

54  05 

42-72 

25  14 

53  03 

59  21 

2154 

27  33 

3173 

49  57 

4770 

4053 

57-76 

5144 

0  08 

142 

0  38 

44  25 

43  28 

36  91 

52  25 

42-56 

4  48 

6"78 

7-99 

15 '65 

1571 

1628 

2341 

53  37 

*  * 

1654 

16  49 

17  05 

2461 

5869 
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AITFA'MX  B.—  TABLE  10.  —  EXPERIMENTS  OF  AUGUST 
81ST,  L889,  UPON  THE  WADDLE  TAX  AT  TOWNELEY 
COLLIERY. 

Dimensions,  etc.,  of  the  Fax. 

Description      centrifugal  fan  of  Waddle  type. 

Diameter  40  feet  0  inches. 

Width,  at  inlet  I     „    8      „ 

„      at  periphery 1    „    6      „ 

Diameter  of  inlet  and  of  drift  ...         ...         ...      12    „    0      „ 

Normal  velocity  (6,000  feet  per  minute  =)  47*74  revolutions  per  minute. 

Dimensions,  etc.,  of  the  Engine. 

Number  of  cylinders  ... 
Diameter  of  the  piston 

„         of  piston-rod,  back  end 

„  „  fore  end 

Mean  effective  area  of  the  piston 
Stroke  of  piston 
Ratio  of  transmission 

Sundry   Particulars. 
Area  of  place  of  measurement  ...         ...         ...         64  square  feet. 


... 

one 

... 

32  inches 

... 

oil 



4i 

789*998  sqr. 

iare  inches, 

... 

48  inches, 

direct,  as 

one  to  one 

460 
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APPENDIX  P.— TABLE  10.— TOWNELEY  COLLIERY.— 


Type  of  Ventilator 


Date 
Time 


1889 


No.  of  Experiment 


Condition  of  Mine 


Waddle. 


August  31 
11  50  a.m. 


at 


August  31 
5  5  p.m. 


August  31 
5  30  p.m. 


Mine 

under 

ordinary 

working 

conditions. 


Temperature,  atmosphere,  wet,  degs.  Fahr. 
,,  .i  dry,  ,, 

,,  in  fan  drift,  wet,  ,, 

,,  ..  dry,  ,, 

,,  bottom  of  pit,  ,, 

Pressure  of  atmosphere,  inches  of  mercury 

Results  or  Observations:  — 
Duration  of  experiment,  minutes 
Mean  revolutions  of  engine,  per  minute   . . 
„  ,,         fan,  per  minute 

„  ,,         anemometer,  per  minute 

Water-gauge  :— 

Mean  depression,   at 


I., 


inlet  of  fan,   No. 
inches 

,,  ,,  fan  drift,  64  feet  from 

fan,  No.  II.,  inches 
,,  ,,  bottom  of  shaft,  No. 

III.,  inches. . 
Indicator  Diagrams  :— 

Mean  pressure,  pounds  per  square  inch  : — 
Back  end 


Front  end 


average 


average 


Average 


Results  of  Calculations  :— 

Weight  of  cubic  foot  of  air  of  atmosphere,  pound 
,,  ,,  n  fan  drift,  ,, 

,,  ,,  water,  pounds 

Temperature  of  water,  degs.  Fahr 

Mean  velocity  of  air,  feet  per  minute 
Velocity  of  circumference  of  fan,  feet  per  minute 
Mean  volume  of  air,  cubic  feet  per  minute 
At  normal  velocity,  volume  of  air,  cubic  feet  per 
minute         

,,  ,,        depression  at  inlet,  inches  . 

,,  ,,  ,,  fan  drift,  inches 

,,  ,,       theoretical  depression,  inches 

Manoinetric  efficiency,  at  inlet  of  fan,  per  cent. 

,,  ,,  fan  drift,  per  cent.     .. 

Useful  effect  in  air,  at  inlet  of  fan,  horse-power 

,,  ,,  fan  drift,  ,, 

Motive  power  of  engine,  horse-power 

,,  utilized,  at  inlet  of  fan,  per  cent. . . 

,,  ,,  fan  drift,  per  cent. 

Equivalent  orifice  of  mine  :— 

Inlet  water-gauge,  square  feet 

Drift  „  ,,  ..         .. 


60i 
631 
67 
67 

29  65 


t  '< 
t  0 
2102 


0C0 
0  00 


0W476 

007411 

62  346 

634 

215| 

13,816 


Return  Airway  to  Venti- 
lator closed. 


62 
62 
66 
66 

* 

29'63 


8 

if 


0  04 
02) 


(16) 
(17) 
(18) 

(16) 
(17) 
(18) 

(16) 
(17) 
(18) 


2-235 
2  039 
1-620 
1965 
2-486 
2  023 
2171 
2-227 
2  361 
2  031 
1895 
2  096 


007486 

0  07423 

62-355 

62 

596-904 


4  040  (?) 

4-507 
90  90  (?) 


1-97 


60i 
61i 
66* 

* 
29  63 


28 

lis 


0  81 
021 


(19) 
(20) 
(21) 

(19) 
(20) 
(21) 

(19) 
(20) 
(21) 


3739 
3-352 
3-473 
3521 

3  324 

4  088 
3  880 
3764 
3  532 
3720 
3  676 
3  642 


0-07500 
007414 

62-36IJ 
61| 

3,518-592 


2  354 


4  458 
52  59 


1950 


No  observation  recorded. 
t  Natural  ventilation  produced  with  fan  standing. 
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Results  of  Experiments  on  tin:  Waddle  Fan. 


Waddle. 

August  31 

August  31 

August  31 

August  31 

August  31 

August  31 

August  31 

August  31 

p.m. 

6  10  p.m. 

6  30  p.m. 

2  20  p.m. 

2  40  p.m. 

3  0  p.m. 

3  50  p.m. 

4  10  p.m. 

2 

3 

4 

5 

6 

7 

8 

9 

—                 ■ 
Lirn 

Return  Aiiw 

ay  to  Venti- 

Mine  under  ordinary 

working 

Entrance 

Air 

Airway  to 

lator  closed 

.  with  excep- 

conditions. 

of  Air 

admitted 

Ventilator 

tioll  ot    Opt 

ting  of  6  Bq. 

facilitated 

freely  from 

.   with 

feet. 

by  opening 

Atmosphere, 

•  ion  of 
Opening 

Separation- 
doors  at 

by  opening 
boors  in 

of  3  sq.  feet. 

Air  being 

Air  being 

bottom  of 

Mine  and  on 

Air  being 

drawn  from 

drawn  from 

Pit. 

Surface. 

•  drawn  from 
Mine. 

.Mine. 

Atmosphere. 



.;o; 
61* 

60* 

60* 

60* 

60.1; 

62$ 

mi 

60j 

60* 

63* 

63* 

63J 

63 

62J 

67 

663 

64  1 

63 

64 

65 

m 

61 

66j 

64l 

64 

64* 

65* 

63^ 

61 

29  63 

29  62 

29-62 

29  63 

29  63 

29-63 

29  63 

29  63 

8 

8 

8 

8 

8 

8 

8 

8 

322 

38* 

39f 

401 

34| 

20f 

39| 

36g 

32j 

38* 

39y 

m 

34§ 

20f 

392 
1,1711 

36g 

147i 

324,; 

3401 

792g 

671$ 

428 

2,617| 

105 

142 

147 

1-48 

1-08 

042 

140 

109 

-  006 

000 

0  02 

1-40 

099 

0  39 

134 

105 

* 

* 

* 

* 

* 

* 

* 

(22)    3380 

(25)    4  355 

(28)    5  073 

(1)  5-380 

(4)  4  395 

(7)  4  347 

(10)    5783 

(13)    7611 

(23)    4011 
4  550 

(26)    5159 

(29     4-792 

(2)  5-720 

(5)  5-558 

(8)  4  022 

(11)    6406 

(14)    8520 

(27)    4-565 

(30)    4  419 

(3)  5720 

(6)  5-706 

(9)  3315 

(12)    7-525 

(15)    8316 

3  980 

4  693 

4762 

5-607 

5  219 

3  895 

6571 

8-149 

(22)    3  099 

(25)    3-974 

(28)    4738 

(1)  5300 

(4)  4893 

(7)  4607 

(10)    5-329 

(13)    6121 

(23)    4  293 

(26)    4055 

(29)    4  333 

(2)  5  800 

(5)  4-882 

(8)  3077 

(11)    5736 

(14)    7-801 

(24)    4  420 

(27)    5177 

(30)    4-851 

(3)  5580 

(6)  5'187 

(9)  3077 

(12)    5752 

(15)    7-415 

3904 

3  301 

4  641 

5  560 

4  987 

3  554 

5  605 

7112 

(22)    3-239 

(25)    4164 

(28)    4  906 

(1)  5340 

(4)  4-644 

(7)  4-477 

(10)    5-556 

(13)    6866 

(23)    4152 

(26)    4  607 

(29)    4  562 

(2)  5-760 

(5)  5  220 

(8)  3-559 

(11)    6071 

(14)    8160 

(24)    4-485 

(27)    4871 

(30)    4  636 

(3)  5-650 

(6)  5-447 

(9)  3-196 

(12)    6-638 

(15)    7  865 

3  959 

4  548 

4701 

5-583 

5  104 

3741 

6  088 

7-630 

007496 

0-07506 

0  07506 

007457 

007476 

0  07473 

007471 

0  07484 

0  07407 

0-07409 

0  07441 

0  07476 

0  07448 

0  07431 

007458 

0  07501 

62  358 

62-364 

62364 

62-346 

62  346 

62  347 

62  348 

62  353 

61A 

60i 

60* 

63i 

63| 

63} 

63 

62} 

154 

3271 

343-i 

787$ 

669J 

4292 

1,149$ 

2.441J 

4,115-496 

4,838-064 

4,948  02 

5,057-97 

4,351-116 

2,607-528 

4,995144 

4,602  444 

9,856 

20,984 

21,952 

50,400 

42,864 

27,504 

73,568 

156,256 

14367 

26,020 

26,615 

59,788 

59,099 

63,279 

88,355 

203,676 

2  231 

2 -J  83 

2  J61 

2-096 

2  053 

2-223 

2  020 

1852 

0020 

1970 

1880 

2  060 

1930 

1780 

4  4.-,4 

4-456 

4  466 

4  463 

4  461 

4  455 

4-462 

4479 

5007 

\6  99 

4839 

4697 

46-02 

49-91 

45  27 

4135 

0  44 

43-92 

4214 

46  23 

43  26 

3974 

1-63 

4"69 

5  08 

11  24 

7  45 

182 

1621 

26-82 

3  30 

0  06 

1111 

6-83 

169 

15  58 

25  83 

24-83 

3353 

35 '45 

4371 

33  84 

14  86 

46  43 

53  55 

6  24 

1398 

14  35 

25  64 

2154 

1224 

34  91 

50  08 

9  84 

019 

25-41 

1974 

11-37 

33  53 

48  23 

3  685 

6  752 

6900 

15  640 

15  666 

16  281 

24-004 

57  440 

10  342 

16539 

16858 

25  230 

58  530 

462 
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APPENDIX    B.— TABLE   11.— EXPERIMENTS  OF  FEBRUARY 

2nd    axd    3rd,    1889,    UPON     THE     GUIBAL     FAN     AT 
WINGATE  GRANGE  COLLIERY. 

Dimensions,  etc.,  of  the  Fan. 

Description      centrifugal  fan  of  GuibaJ  type. 

Diameter  36  feet. 

"Width,  at  inlet  12 

„     at  periphery 
Diameter  of  inlet 
Normal  velocity  (0,000  feet  per  minnte  =)  53*05  revolutions  per  minute. 

Dimensions,  etc.,  of  the  Engine. 

Number  of  cylinders  ...         ...  ...  ...  ...         ...               one. 

Diameter  of  the  piston           ...  ...  ...  ...         ...     ;-30  inches. 

„         of  piston-rod,  back  end  ...  ...  ...         ...     3f      „ 

„  „  fore  end  4±      „ 

Mean  effective  area  of  the  piston  ...  ...  (>94*61  square  inches. 

Stroke  of  piston          ...         ...  ...  ...  ...         ...     30  inches. 

Ratio  of  transmission             ...  ...  ...  direct,  as  one  to  one. 

Sundry  Particulars. 
Area  of  place  of  measurement  (Fig.  28,  Plate  XVII.)... 88*40  square  feet. 


4G4 
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APPENDIX  B.— TABLE  11 .— WINGATE  GRANGE  COLLIERY.— 


Type  of  Ventilator    .. 


Date 
Time 


1889 


No.  of  Experiment 


Condition  of  Mine 


Temperature,  atmosphere,  wet,  degs.  Fahr. 
„  .,  dry, 

,,  in  fan  drift,  wet,  ,, 

,,  ,.  dry,  ,, 

bottom  of  pit,  ,, 

Pressure  of  atmosphere,  inches  of  mercury 
Results  of  Observations  :— 
Duration  of  experiment,  minutes 
Mean  revolutions  of  engine,  per  minute  . . 
,,  ,,         fan,  per  minute 

,,  ,,         anemometer,  per  minute 

Water-gauge  :— 

Mean  depression,   at  inlet  of  fan,   No.  I., 
inches 

,,  ,,  fan  drift,  18  feet  from 

fan,  No.  II.,  inches 
,,  ,,  bottom  of  shaft,  No 

III.,  inches . . 
Indicator  Diagrams  :  — 

Mean  pressure,  pounds  per  square  inch  :— 
Back  end 


,,        average 
Front  end 


GUIBAL. 


Feb.  2 
3  36  p.m. 


Feb.  2 
3  55  p.m. 


Feb.  2 

4  26  p.m. 


Feb.  2 
5  10  p.m. 


Feb.  : 

5  50  p.  l 


Return  Airway  to 

Ventilator 

closed. 


£0 

34i 

91 

914 

29o3 


6-500 
6  500 


0100  (?) 


Average 


, ,        average        

Steam  pressure,  pounds  per  square  inch  .. 
Results  of  Calculations  :— 

Weight  of  cubic  foot  of  air  of  atmosphere,  pound 
,,  ,,  ,,  fan  drift, 

.,  ,,  water,  pounds 

Temperature  of  water,  degs.  Fahr 

Mean  velocity  of  air,  feet  per  minute 
Velocity  of  circumference  of  fan,  feet  per  minute 
Mean  volume  c:  air,  cubic  feet  per  minute 
At  normal  velocity,  volume  of  air,  cubic  feet  per 
minute         

,,  ,,        depression  at  inlet,  inches  . . 

,,  ,,  ,,  fan  drift,  inches 

,,  ,,       theoretical  depression,  inches 

Manometric  efficiency,  at  inlet  of  fan,  per  cent. 

,,  ,,  fan  drift,  per  cent. 

Useful  effect  in  air,  at  inlet  of  fan,  horse-power 

,,  .,  fan  drift,  ,, 

Motive  power  of  engine,  horse-power 

,,  utilized,  at  inlet  of  fan,  per  cent. . . 

,,  fan  drift,  per  cent. 

Equivalent  orifice  of  mine  : 

iDlet  water-gauge,  square  feet 

Drift  ,,  „  ..        .. 


1-416 
0-989 
1-201 
1202 
1624 
1519 
1451 
1-531 
1520 
1254 
1326 
1366 
37 


0-07921 

0-06987 

62  422 

344 

735  08 


6-661  (?) 
4-451 


0  934 


30  \ 
34i 
91 
91| 

* 

29  53 


40  375 
40  375 


T637 
2-000 


(4)  5156 

(5)  6124 

(6)  5  239 
5-506 

(4)  6-725 

(5)  6-902 

(6)  6-230 
6  619 

(4)  5-941 

(5)  6-513 

(6)  5-734 
6063 
36 

007919 

0-06987 

62  422 

34J 

4,566  0 


2  826 

3  453 
4*450 

63  50 
77-60 


25763 


Return  Airway  to  Ventilate 
closed,  with  exception  ( 
Opening  of  3  sq.  feet. 


Air  being 
drawn 
from 
Mine. 


30 
35 

90i 
914 

29-56 


40187 
40  L87 

296  6 


2  062 
2  005 


(7)  6-145 

(8)  6  053 

(9)  6110 

6  102 

(7)  7119 

(8)  7-169 

(9)  7-028 

7  105 

(7)  6-632 

(8)  6611 

(9)  6-569 

6  604 
36 

0-07921 
0  06997 
62  423 
35 

3004 
4,5447 
26,564 

35,066 
3  591 
3  491 
4484 
80  09 
77-86 
8  63 

8  39 
27  931 
30  89 
3003 

7  08 
719 


Air  being 
drawn 
from 
Mine,     f 


284 

33 

91 

914 

* 

29-46 


40  500 
40  500 
280.^ 


1-595 
1531 


(13)  6017 

(14)  6-371 

(15)  5-875 
6  088 

(13)  6  957 

(14)  7-327 

(15)  7-008 
7-097 

(13)  6487 

(14)  6-849 

(15)  6442 
6  593 

36 

0-07928 
0  06970 

62  420 
33 

284) 
4,5831 

25,150 

32,913 
2736 
2  632 
4  448 

61ol 

5917 
6  32 
6  08 

28101 

22-49 

2163 

7-66 
7-76 


28.1 
3t 
91 
914 
* 

2915 


39875 
289] 


1553 

11 


(19)  6-30 
(20)5-86 
(21)  6K 

(20)7'13 
(21  713 

713 
(19)  672 
(20  6-* 
(21)  677 

6-66 
3b 

0  07907 
006967 

34 
2934 

2-748 
2  632 

6118 

58  88 

6-35 

6  07 

27-974 

813 


■  No  observation  recorded. 

+  Entrance  of  air  was  facilitated  by  opening  Eeparation-doors  at  Main  Coal-seam. 
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Besi  lts  of    Experiments  on  the  Guibal  Fan. 


Feb.  3 

i .  i  1 1 1  \  i 

: 

Feb.  2 

Feb.  3 

Feb.  3 

Feb.  3 

Feb.  3 

Feb.  3 

p  m. 

p. 111. 

li.in. 

5  1"  p.m. 

7  10  p.m. 

6  10  p.m. 

1  55  p.m. 

I  p.m. 

,1 

3 

4 

5 

6  J 

7 

8 

9 

Airu 

;i\  t>    Veuti- 

.Mine  un 

iler  ordinary 

working 

Entrance 

Mine  under 

Air  admitted 

1.  with  deep- 

conditions. 

of  Air 

ordinary 

freely     from 

of  U]» 

ening  of  6  Bq. 

facilitated 
by  opening 

Separation- 

working 
conditions. 

Atmosphere, 
by     opening 
Doors  at  the 

doors  at 

Schiele     fan 

ing 
iwn  from 

Air  being 

Main  Coal- 

on   Surface. 

drawn  from 

seam. 

.Mine,  t 

28£ 

35 

34 

36 

34 

34 

35 

'     35" 

34  i 

41 

40 

40£ 

40 

40 

40 

91 A 

791 

80£ 

794 

79 

79i 

79 

92" 

* 

80i 

81 

82 

79J 

-* 

801 

* 

781 

* 

2952 

29  45 

29;60 

29  50 

2974 

29  65 

29-20 

29-66 

8 

8 

8 

8 

8 

8 

8 

8 

39  375 

39  625 

52  250 

42  250 

35  375 

41250 

25  875 

37  875 

39375 

39-625 

52  250 

42  250 

35  375 

41250 

25  875 

37  875 

!    630 

710 

1.723J 

1,471 

1.283J 

1,600* 

l,073g 

2,1521 

1-992 

1536 

2  640 

1710 

1182 

1614 

0610 

1123 

1992 

1519 

2  335 

1519 

1069 

1440 

0  535 

0  990 

* 

* 

* 

1100 

* 

* 

* 

')  6017 

(16)  6-251 

(61)  20176 

(58)  14-097 

(70)  10-354 

(64)  15-066 

(55)  6-297 

(67)  10-784 

(17)  6124 

(62)  19735 

(59)  14-107 

(71)  10133 

(65)  15  022 

(56)  6  253 

(68)  17-577 

)  6-619 

(18)  6569 

(63)  20705 

(60)  14102 

(72)  10-177 

(66)  15242 

(57)  6044 

(69)  17-022 

6315 

20-205 

14102 

10  221 

15110 

6 -j  98 

17-128 

(16)  7433 

(61)  19-912 

(58)  14  923 

(70)  11397 

(64)  15-374 

(55)  6'652 

(67)  17-655 

(17)  7  522 

(62)  20000 

(59)  14767 

(71)  10929 

(65)  16-344 

(56)  6  889 

(68)  17  832 

I  646 

(18)  7  327 

(63)  20  000 

(60)  14  330 

(72)  10929 

(66)  16-344 

(58)  6-785 

(69)  17117 

7-427 

19971 

14673 

11085 

16021 

6-775 

17*535 

(16)  6842 

(61)  20044 

(58)  14510 

(70)  10-876 

(64)  15-220 

(55)  6-474 

(67)  17220 

(17)  6S23 

(62)  19  868 

(59)  14437 

(71)  10531 

(65)  15  683 

(56)  6571 

(68)  17704 

(18)  6  948 

(63)  20-352 

(60)  14-216 

(72)  10-553 

(66)  15-793 

(57)  6  414 

(69)  17-069 

7-012 

6871 

20  088 

14-388 

10653 

15  "565 

6  486 

17  331 

36 

36 

35 

35 

33 

35 

37 

34 

07911 

007901 

0-07832 

0-07823 

0-07875 

0-07863 

0  07743 

0  07864 

06960 

006959 

0  07185 

007150 

0  07225 

0-07212 

0  07088 

007213 

■.2-423 

62  422 

62  426 

62  426 

62-426 

62  426 

62  426 

62  426 

34i 

41 

40 

40* 

40 

40 

40 

707.'. 

l,658.i 

1,428 

1.254J 

1,547 

1,056$ 

2,0  II.1. 

4,481  1 

5,908  9 

4,7780 

4.0(0-8 

4,664  9 

2,926  2" 

4,283-2" 

62,543 

146,611 

126,235 

110,898 

136,755 

93,395 

180,469 

1.974 

83,732 

148,844 

158,503 

166,307 

175,875 

191,482 

252,775 

2753 

2721 

2  696 

2  684 

2669 

2  564 

2  203 

3616 

2-722 

2  407 

2  394 

2404 

2361 

2  249 

1942 

144i) 

4-436 

4  483 

4470 

4  508 

4-501 

4  458 

4-500 

1  44 

62  06 

6070 

6031 

58-96 

59  30 

57  51 

48-.  6 

144 

6136 

5370 

53  "55 

53  33 

5245 

50  45 

4310 

7  47 

1514 

6101 

34-02 

20-66 

3479 

898 

3194 

;  t; 

14  97 

53  96 

30-22 

1868 

3104 

7  87 

2816 

9-057 

28f»")t 

110  463 

63-977 

39  661 

67o72 

17  662 

69  083 

52  83 

55  23 

5473 

52-09 

5148 

50  83 

46-23 

52  24 

48  84 

47  23 

47  09 

45  93 

44  '55 

4076 

1928 

34  68 

37  06 

39  32 

4147 

45  91 

65  50 

19  39 

36  "88 

39  36 

4172 

43  88 

48-76 

69  85 

This  experiment  was  made,  under  the  same  conditions,  for  comparison  with  No. 
upon  the  Schiele  fan  (Table  12). 


e  experiment 
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APPENDIX   15.— TABLE  12.— EXPERIMENTS  OF   FEBRUARY 

:.'m»     and     3rd,    1889,     UPON    THE    SCHIELE     KAN     AT 
WTNGATE  GRANGE  COLLIERY. 

Dimensions,  etc.,  of  the  Fan. 

Description      ...  ...      centrifugal  fan  of  Schiele  type. 

Diameter  ... 12  feet  0  inches. 

Width,  at  inlet  3    .,    4      ,. 

„     at  periphery     2    „    0      „ 

Diameter  of  inlet         ...         ..  ...         ...         ...       7    „    3      „ 

Normal  velocity  (6,000  feet  per  minute  =  )  159T5  revolutions  per  minute. 

Dimensions,  etc.,  of  the  Engine. 

Number  of  cylinders   ...          ...  ...          ...          ...         ...               one. 

Diameter  of  the  piston           ...  ...                     ...         ...     25  inches. 

„          of  piston-rod,  fore  end  ...         ...         ...         ...     3 J      „ 

Mean  effective  area  of  the  piston  .  .         ...          486*73  square  inches. 

Stroke  of  piston          ...         ...  ...         ...         ...         ...     24  inches. 

Ratio  of  transmission             ...  ...  by  rope  gearing,  about  2*6  to  one. 

Sundry  Particulars. 
Area  of  place  of  measurement  (Fig.  29,  Plate  XVII.)    78'47  square  feet. 
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APPENDIX  B.— TABLE  12.— WING  ATE  GRANGE  COLLIERY.— 


Type  of  Ventilator 

Sen 

IELE. 

Date       1889 

Feb.  3 

Feb.  2 

Feb.  2 

Feb.  2 

Time        

9  19  a.m. 

9  20  p.m. 

9  45  p.m. 

10  50  p.n 

1 

al 

b 

c 

Mine 

Return  Airway  to  Venti- 

Return 

under 

lator  closed. 

Airway  t 

ordinary 

Ventilate 

working 

closed,  wi 

conditions. 

exception 

Opening 

of  3  sq.  fe 

Air  beiii; 

drawn  frc 

Mine. 

Temperature,  atmosphere,  wet,  degs.  Fahr. 

35i 

30i 

30 

29£ 

dry, 

392 

34S 

34i 

34 

,,             in  fan  drift,  wet,            ,, 

87 

75^ 

.      82" 

92 

dry, 

87| 

76 

83 

92i 

,,              bottom  of  pit,                ,, 

* 

* 

* 

Pressure  of  atmosphere,  inches  of  mercury 

29  27 

29  43 

29  43 

29  38 

Results  of  Observations:— 

Duration  of  experiment,  minutes 

8 

8 

8 

8 

Mean  revolutions  of  engine,  per  minute  . . 

1  0  000 

9  500 

71-250 

70  000 

,,               ,,          fan,  per  minute 

:  0  000 

21-875 

166  000 

160  625 

,              ,,         anemometer,  per  minute  . . 

880 

-36ft 

-2ff 

259f 

Water-gauge  :— 

Mean  depression,   at  inlet  of  fan,   No.  I., 

inches 

0  000 

0-050 

2  350 

2170 

,,             ,,               fan  drift,  55  feet  from 

fan  No.  II.,  inches 

0000 

0  012 

2  187 

1-997 

,,             ,,              bottom  of  shaft,  No. 

III.,  inches.. 

* 

* 

* 

* 

Indicator  Dii>  grams : — 

Mean  pressure,  paunds  per  square  inch  : — 

Back  end 

1 1 

(22)    5-453 

(25)  10-362 

(34)    9-9! 

(23)    5  373 

(Ho)  11-661 

(35)    9-9! 

(24)    5-692 

(27)  11843 

(36)    9"9« 

,,        average        

5-506 

11288 

99; 

Front  end          

(22)    4-059 

(25)  10470 

(34)    8-6: 

(23)    3-670 

(2C)    9742 

(35)    8-5'. 

(24)    4-020 

(27)    9  837 

(36)    8-9; 

,,        average        

3916 

10  016 

875 

Average 

(22)    4-756 

(25)  10416 

(34)    92! 

(23)    4 '522 

(26)  10702 

(35)    9'2! 

(24)    4-856 

(27)  10  840 

(36)    9  4', 

,,        average        

4711 

10  653 

93! 

Steam  pressure,  pounds  per  square  inch 

36 

35 

34 

Results  of  Calculations  :— 

Weight  of  cubic  foot  of  air  of  atmosphere,  pound 

0-07760 

007892 

0-07892 

0-07888 
0  06934 

,,                  ,,            ,,           fan  drift,           ,, 

0  06991 

0  07213 

0  07104 

,,                 .,,              wat-r,  pounds 

62  426 

62  422 

62  422 

62  422 

Temperature  of  water,  degs.  Fahr 

39i" 

34  £ 

34i 

34 

Mean  velocity  of  air,  feet  per  minute 

872 

-39|t 

-  13{t 

264 

Velocity  of  circumference  of  fan,  feet  per  minute 

000 

824-4 

6,256  5 

6,0539 

Mean  volume  of  air,  cubic  feet  per  minute 

68,426 

t 

f 

20,716 

At  normal  velocity,  volume  of  air,  cubic  feet  per 

minute         

20,525 

,,              ,,        depression  at  inlet,  inches  . . 

2-648 

2-iei 

2130 

,,               ,,                   ,,           fan  drift,  inches 

0  662 

2  011 

I960 

,,              ,,       theoretical  depression,  inches 

4  509 

4-477 

4  425 

Manometric  efficiency,  at  inlet  of  fan,  per  cent. 

5873 

48-27 

4813 

,,                   ,,               fan  drift,  per  cent.     .. 

14  68 

44  92 

44-29 

Useful  effect  in  air,  at  inlet  of  fan,  horse-power 

.. 

7  08 

,,             „               fan  drift,               „ 

6  52 

Motive  power  of  engine,  horse-power 

2-640 

44783 

38-613  81 

,,             utilized,  at  inlet  of  fan,  per  cent. . . 

18  33   \ 

,,                   ,,              fan  drift,  per  cent. 

1688   A 

Equivalent  orifice  of  mine  : 

5-37   f 

Inlet  water-gauge,  square  feet 

Drift           „                        „                 .. 

5'59    1 

*   No  observation  recorded. 

t  The  air  was  apparently  reversed  in  this  experiment,  as  the  anemometer  gave  a  negative  reading, 

owing  to  the  production  of  air-eddies. 
\  Natural  ventilation  produced  with  fan  standing. 
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Results  of   Experiments  on  the   Sohiele    Fan. 




SOBIKLB. 

b. 

Feb.  9 

Feb.  8 

Feb.  3 

Feb.  3 

Feb.  3 

Feb.  3 

Feb.  3 

• 

11  8p.m. 

J    10  30  p.m. 

12  31  jiin. 

12  6  p.m. 

11  20  a.m. 

1047  a.m. 

1  52  p.m. 

3 

4 

."> 

d 

6 

7 

im 

irn  Airway  to  Vent: 

Entrance 

Mine  under  ordinary 

working 

Air 

ay  to 

lator  closed,  with  excep- 

of Air 

conditions. 

admitted 

Ventilator 

tion  of  Opening  of  6  sq. 

facilitated 

freely  from 

dosed,  with 

feet. 

by  opening 

Atmosphere, 

jxception  of 

Separation- 

by  opening 

'    (>ih  oing 

doors  at 

Doors  on 

of  3  sq.  feet. 

Air  being 

Air  being 

Main 

Surface. 

,  Air  Wing 

drawn  from 

drawn  from 

Coal-seam. 

drawn  from 
Mine. 

Mine. 

Mine.  || 

29J 

31 

29  J 

37 

38 

38 

37 

37 

34 

35 

34 

40 

41| 

4H 

40 

40 

93 

91$ 

91 

76 

79 

81 

85$ 

724 

93$ 

92" 

* 

91* 

76| 

79i 

* 

81$ 

86 

73  i 

29  41 

29  39 

29  40 

29  20 

29-20 

29  2) 

29-20 

29  20 

8 

8 

8 

8 

8 

8 

8 

8 

69  250 

66750 

69  250 

61000 

78-000 

69.00 

38-625 

58-500 

160-250 

152  000 

161500 

141250 

178-625 

159  250 

88375 

134125 

330 

441. 

4912 

1,4561 

1,7234 

1,507$ 

1,0401 

1,673 

2120 

1936 

2175 

1415 

1921 

1-387 

0  534 

1245 

2  014 

1702 

1-852 

* 

0-669 

* 

1504 

* 

1097 

0196 

* 

0  261 

* 

(28)  10336 

(37)  10521 

(31)  10706 

(49)  16-418 

(46)  23  142 

(43)  17-630 

(40)  7  800 

(52)  17121 

(29)  10402 

(38)  10362 

(32)  11-417 

(50)  16716 

(47)  22  836 

(44    18722 

(41)  7'562 

(53)  16-766 

(30)  10  336 

(39)  10905 

(33)  11-338 

(51)  16-915 

(48)  22-537 

(45)  18719 

(42)  7-880 

(54)  16-865 

10  358 

10  596 

11  154 

16  683 

22-838 

18  357 

7747 

16917 

(28)  10  005 

(37)    9290 

(31)    9  584 

(49)  15  025 

(46)  20  843 

(43)  16  953 

(40)  6-975 

(52)  15-522 

(29)    9  465 

(38)    9267 

(32)    9-782 

(50)  14-776 

(47)  20-597 

44)  16"855 

(41)  7-005 

(53)  16  070 

(30)    8-849 

(39)    9114 

(33)  10233 

(51)  15  075 

(48)  20-099 

(45)  17  374 

(42)  7-062 

(54)  16-418 

9  439 

9  224 

9-866 

14  958 

20  513 

17  061 

7  014 

16  003 

(28)  10171 

(37)    9  905 

(31)  10145 

(49)  15-721 

(46)  21-992 

(43)  17-292 

(40)  7-387 

(52)  16  321 

(29)    9  934 

(38)    9815 

(32)  10-600 

(50)  15746 

(47)  21717 

(44)  17788 

(41)  7-284 

53)  16-418 

(30)    9  592 

(39)  10010 

(33)  10785 

(51)  15-995 

(48)  21-318 

(45)  18047 

(42)  7471 

(54)  16-642 

9  899 

9  910 

10  510 

15-821 

21-676 

17-709 

7-381 

16  460 

31 

34 

33 

35 

34 

34 

34 

35 

007897 

007873 

0  07894 

007738 

007709 

0  07713 

0-07738 

0-07738 

006925 

006946 

0-06955 

0W148 

007100 

0-07068 

0-06997 

007199 

62422 

62  423 

62  422 

62-426 

62-425 

62  425 

62  426 

62-426 

34 

35 

34 

40 

41f 

m 

40 

40 

333 

443$ 

492$ 

1,415 

1.658J 

1.462 

1,025 

1,613 

6,0398 

5,728-8 

6,08842 

5,3237 

6,732  3 

6,002-1 

3,330  8 

5,055  1 

26,131 

34,801 

38,646 

111,035 

130,142 

114,723 

80,432 

126,572 

25,951 

36,438 

38,083 

125,106 

115,953 

114,651 

144,845 

150,113 

2  091 

2  122 

2112 

1796 

1525 

1385 

1731 

1753 

1-986 

1866 

1798 

0  849 

1193 

1-096 

0  635 

0  367 

4-428 

4  424 

4  433 

4  444 

4-420 

4  382 

4  398 

4  459 

47  23 

47-97 

47  65 

40  41 

34  51 

31-60 

39  36 

39  31 

44  85 

4218 

40  56 

1911 

26  99 

25  01 

14-44 

8  23 

873 

10  61 

1324 

24-76 

39  40 

25  08 

677 

24  84 

8  29 

9  33 

1128 

1170 

3085 

1974 

2-48 

5  20 

40  445 

39  028 

42  941 

56940 

99-754 

72  094 

16-820 

56812 

2158 

27  18 

30  83 

43  48 

35  19 

34-78 

40-24 

43-72 

20  49 

23  90 

26  26 

20  54 

27-55 

27-38 

1474 

915 

6  85 

9  55 

10  01 

3573 

35  83 

3714 

42-16 

43  51 

703 

1019 

10  85 

52  08 

40  46 

4177 

69  52 

95  31 

§  This  experiment  was  made,  under  the  same  conditions,  for  comparison  with  No.  6.  experiment 

upon  the  Guibal  fan  (Table  11). 
I!  Entrance  of  air  was  facilitated  by  opening  separation-doors  at  Main  Coal-seam. 
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Appendix  D.    Table  26.    Cwmaman  Colliery,  Guibal  Fan. 


i 

0  a 
i   6 '2 

K 

y 

1 
2 

3 

4 

EkmiTa 
lent 

orifice. 

\"t >lutin's  of 
An   DOT 

.Minute  at 
N   unal 

Velocity. 

Squares  of 
Volumes, 

I  depressions. 

Theoretl 
cal 

Observed. 

( lali 

lilted. 

Diffen  nee 

Bq.  Ft. 

1-86 
9-03 

10  09 

Cubic  Feet. 
17.212 
21.015 

38,635 
12,460 

296,252,94  i 

441,630,226 

1,492,663,226 

1,802.851,600 

Inches, 
4-276 
4-283 
4-281 

1273 

Indies. 

2-552 
2-683 

2-572 

2-488 

Inches 

2-593 
2-587 
2-639 
2-625 

Inches. 

-D1I1I 

+  0-046 
+  0-033 
-0-037 

h  =  2-006  -  0-000,000.000.045.000  V2 


Appendix  D. — Table  26. — Gbeat  Western  Colliery,  Guibal  Fan. 


a 

CM     1) 

II 

M 

H 

1 
2 

3 

4 
5 

•  6 

7 

8 

9 

10 

11 

Equiva- 
lent 
Orifice. 

Volumes  of 

Air  per 

Minute  at 

Normal 

Velocity. 

Squares  of 
Volumes. 

Depressions. 

Theoreti- 
cal. 

Observed. 

Calcu- 
lated. 

Difference. 

Sq.  Ft, 

4-085 

5-459 

8-352 

9-091 

12-166 

12-776 

49-712 

51-301 

52-526 

53-834 

103-898 

Cubic  Feet. 

16,572 

23,271 

35,280 

38.404 

51.263 

53.606 

210,279 

215,427 

221,811 

227.487 

390,941 

274,631.184 

541,539,441 

1,244,678,400 

1.474,867,210 

2,627,895,169 

2,873,603.236 

44,217,257,841 

46,408,792,329 

49,200,119,721 

51,750,335,169 

152,834,865,481 

Inches. 

4-407 

4-100 

4-381 

4-386 

4-378 

4-380 

4-399 

4-398 

4-401 

4-396 

4-412 

Inches 
2501 
2-633 
2-579 
2-575 
2-562 
2-542 
2-588 
2-558 
2-582 
2-581 
2-063 

Inches. 

2634 

2-633 

2-631 

2-630 

2-626 

2-625 

2-470 

2-462 

2-451 

2-442 

2-063 

Inches. 
-0-133 

o-ooo 

-0-052 
-0-055 
-  0-064 
-0-083 
+  0-118 
+  0-096 
+  0-131 
+  0-139 

o-ooo 

h  =  2-635  -  0-000,000,000,003,742  V2. 


Appendix  D. — Table  27. — Pelton  Colliery.  Guibal  Fan. 


-*-  u 

°s 

d"s 

X 

H 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Equiva- 
lent 
Orifice. 

Volumes  of 
Air  per 

Minute  at 
Normal 

Velocity. 

Squares  of 
Volumes. 

Depressions. 

Theoreti- 
cal. 

Observed. 

Calcu- 
lated. 

Difference. 

Sq.  Ft. 

6-05 

6-54 

9-89 

1095 

34-81 

36-54 

36-86 

42-75 

70-79 

Cubic  Feet. 

27,671 

27,852 

42,755 

46,596 

148,072 

156.140 

157,063 

181,845 

260,280 

7(15,684,241 

775.733,904 

1,827,990,025 

2,171,187,216 

21,925.317,184 

24.379,699,600 

24,668,785.969 

33.067,604,025 

67,745.678,400 

Inches. 

4-595 

4-601 
4-599 

4-595 
4-580 
-1  -587 
4-629 
4-590 
4-652 

Inches. 
2-747 
2-769 
2-828 
2-695 
2-738 
2-764 
2-776 
2-740 
2-068 

Inches. 

3-047 

3-047 

3-032 

3-027 

2-738 

2-702 

2-699 

2-576 

2-068 

Inches. 
—0-300 
-0-278 
-  0-204 
-0-332 

o-ooo 

+  0-062 
+  0-077 
+  0-164 

o-ooo 

h  =  3-058  -  0-000,000,000,014,600  V2. 


478 


31  KCHANICAL   VENTILATORS. 


Appendix  D.— Table  28. — Wingate  Grange  Colliery,  Guibal  Fan. 


-• 

a 

c5 
o'C 

"  a 

X 

w 

1 
2 
3 

4 
5 
(J 
7 
8 
9 

Equiva- 
lent 

Oritice. 

Volumes  of 

Air  per 

Minute  at 

Normal 

Velocity. 

Squares  of 

Volumes. 

Depressions. 

Theoreti- 
cal. 

Observed. 

Calcu- 
lated. 

Difference. 

Sq    I 

7-..U 

7-95 
19-28 

34  (is 
37-06 
39-32 
41-47 
45-91 
65-50 

Cubic  Feet. 

32,943 

34.517 

s;;.732 

148,844 

158,503 

166,307 

175,875 

191,482 

252.77:) 

1,085,241.2  19 
1.191,428,289 
7,011,047,824 
22,154,536,336 
25,123,201,009 
27.658.018.249 
30.932,015,625 
36,665,356,324 
63,895,200,625 

Inches. 

4-448 
4-470 
4436 
4-483 
4-470 
4-508 
4-501 
4-458 
4-500 

Inches. 

2736 

2-748 
2-753 
2-721 
2-696 
2-684 
2-669 
2-564 
2-203 

Inches. 

2-983 

2-981 

2-909 

2-721 

2-685 

2-653 

2-613 

2-541 

2-203 

Inches. 
-0-247 
-0-233 
-0-156 

o-ooo 

+  0-011 
+  0-031 
+  0-056 
+  0-023 

o-ooo 

h  =  2-996  -  0-000,000,000,012,400  V~. 
Appendix  D. — Table  29.— Great  Western  Colliery,  Schiele  Fan. 


c 

Volumes  of 

Depressions. 

6% 

Equiva- 
lent 
Orifice. 

Air  per 
Minute  at 

Normal 
Velocity. 

Squares 
Volumes. 

Theoreti- 
cal. 

Observed. 

Calcu- 
lated. 

Difference. 

Sq.  Ft. 

Cubic  Feet. 

Inches. 

Inches. 

Inches. 

Inches. 

1 

7-081 

26,542 

704,477.764 

4-446 

2-055 

2-082 

-0-027 

>> 

8-975 

33,989 

1,155,252,121 

4-409 

2-079 

2-079 

o-ooo 

3 

9-292 

34.095 

1.162,469.025 

4-436 

1-963 

2-079 

-0-116 

4 

11-872 

43.139 

1.860.973.321 

4-422 

1-984 

2-073 

-0-089 

5 

12-157 

43,751 

1,914,150,001 

4-433 

2-029 

2-073 

-0-044 

6 

45-497 

170,323 

29,009,924.329 

4-417 

2-044 

1-856 

+  0-188 

7 

46-35(1 

172,811 

29,863,641,721 

4-425 

2-028 

1-849 

+  0-179 

8 

49-818 

183,620 

33,716.304,400 

4-414 

2-015 

1-818 

+  0-197 

9 

50-355 

188.039 

35,358.665,521 

4-437 

2-031 

1-805 

+  0-226 

10 

50-904 

190,510 

36,294,060,100 

?  4-422 

2-042 

1-798 

+  0-244 

11 

97-787 

300,794 

90,477,030,436 

4-432 

1-381 

1-364 

+  0-017 

h  =  2-088  -  0-000,000-,000,008,000  A'2. 
Appendix  D. — Table  30. — National  Colliery,  Schiele  Fan. 


4a 

Volumes  of 

z  z 
6'S 

fcg, 

Equiva- 
lent 
Oritice. 

Air  per 
Minute  at 

Normal 
Velocity. 

H 

1 

Sq.  Ft. 

2-670 

Cubic  Feet. 

lu,902 

2 

5-174 

21.991 

3 

5-276 

22,660 

4 

7-189 

29,502 

5 

9  287 

33,833 

6 

35-353 

129,996 

7 

35-365 

130,065 

- 

41175 

149.4  15 

9 

4  1-391 

162.554 

10 

56-331 

1117,697 

Squares  of 
Volumes. 


Depressions. 


Theoreti- 
cal. 


Observed. 


118.853,604 

483,604,081 

513.475,600 

870,368.004 

1,144,671,889 

16,898^60,016 

16,916,904,225 

22,333,808.1125 

26.423,802,916 

39.0S4. 103.089 


Inches. 
4-318 

4-328 
4-312 
4-335 
4-330 
4-373 
4-383 
4-394 
4-3"»5 
4-417 


Inches. 

2371 

2-571 

2-616 

2-401 

2-379 

1-944 

1-947 

1-903 

1-920 

1-789 


Calcu- 
lated. 


Difference. 


Inches. 
2-418 
2-410 
2-409 
2-401 
2-395 
2-029 
2-028 
1-903 
1-808 
1-515 


Inches 
-  0-047 
+  0161 
+  0-207 

0-000 
-0-016 
-0-085 
-0-081 

0-000 
+  0-112 
+0-274 


h  =  24  21  -  0-000,000,000,023.200  VJ. 
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Appendix D. — Table  31.— Towneley  Colliery,  Schiele  i-'an. 


0 

—    . 

=   S 

- 

/■   - 

K(iuiva- 
lent 

i  iriticv. 

Volumes  of 
Air  per 

.Minute  at 
Normal 

Squares  at 

Volumes. 

Depi 

eseions. 

M 

- 

Velocity. 

Theoreti- 
cal. 

i  Observed. 

Calcu- 
lated. 

Diff<  rence. 

Bkj.  Ft, 

Cubic  Feet. 

Indus 

IlllilCS. 

llll'llCS. 

Inches. 

1 

r400 

in. sir. 

282,744,223 

4-471 

2176 

2-l'41 

-0-065 

8 

4-480 

f  6,579 

:u:»,]  79.2 41 

4-47r> 

2-170 

2-239 

—0-069 

3 

1-786 

26,728 

714,388,984 

4-47."> 

2-283 

2-228 

+  0-055 

4 

f-990 

31,284 

975,562,756 

4-489 

2-25  ii 

2-2  IS 

+  0-038 

5 

15-650 

59.190 

3,503,45^,100 

4-50  1 

2-126 

2-141 

-0015 

6 

1  S«714 

59,494 

3,539,536,036 

4-500 

2-130 

21  40 

-0-010 

7 

1 6-283 

61,377 

3,767,136,129 

4-502 

2-114 

2-133 

-0019 

8 

23-410 

S5.125 

7,216.265.625 

4-493 

1-977 

2024 

-0-047 

9 

53-373 

166,151 

27.606,154.801 

4-504 

1-440 

1-390 

+  0-050 

k  =  2-250  -  0-000,000,000,031,150  V-. 


Appendix  D.— Table  32.— Wingate  Grange  Colliery,  Schiele  Fan. 


O  u 

Equiva- 
lent 
Orifice. 

Volumes  of 
Air  per 

Minute  at 
Normal 
Velocity. 

Squares  of 
Volumes. 

Depressions. 

Theoreti- 
cal. 

Observed. 

Calcu- 
lated. 

Difference. 

1 

2 

3 
4 

;• 

7 

Sq.  Ft. 

5-37 

6-85 

9-55 

10-01 

35-73 

42-16 

43-51 

Cubic  Feet. 

20,525 

25,951 

36,438 

38,083 

125,106 

144,845 

150,113 

421,275,625 

673,454,401 

1,327,727,844 

1,450,314,889 

15,651,511,236 

20,980,074,025 

22.533,912,769 

Inches. 

4-425 

4-428 

4-424 

4-433 

4-444 

4-398 

4-459 

Inches. 

2  130 

2-091 

2-122 

2-112 

1-796 

1-731 

1-753 

Inches. 

2-130 

2-125 

2-112 

2-110 

1-834 

1-731 

1-701 

Inches. 

o-ooo 

-0034 
+  0-010 
+  0-002 
-0-038 

o-ooo 

+  0052 

h  =  2-138  -  0000,000,000,019,400  V2. 


Appendix  D.— Table  33.— Cwmaman  Colliery,  Waddle  Fan. 


No.  of 
Experiment. 

Equiva- 
lent 
Orifice. 

Volumes  of 
Air  per 

Minute  at 
Normal 
Velocity. 

Squares  of 
Volumes. 

Depressions. 

Theoreti- 
cal. 

Observed. 

Calcu- 
lated. 

Difference. 

1 
3 
2 
4 

8q.  Ft. 

21-55 
26-04 
25-24 
38-97 

Cubic  Feet. 
78,214 
94,592 

95,680 

139,55(i 

6,117,429,790 

8.947.646.  n;i 

9,154.662,400 

19.474.202.500 

Inches. 
4-331 
4-307 
4  313 
4  331 

Inches. 
1-877 
1-876 

2-030 

1-832 

Inches. 

l-s,s,s 
1-876 
1-875 
1  -832 

Inches. 

-0-011 

o-ooo 

+  0-155 
0000 

h  =  1-913  -  0-000,000,000,004,179  V". 
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Appendix  D.— Table  34. — National  Colliery,  Waddle  Fan. 


:  - 
W 

Equiva- 
lent 

Orifice. 

Volumes  of 
Air  per 

Minute  at 
Normal 
Velocity. 

1 

Squares  of 

Depressions. 

Volumes. 

Theoreti- 
cal. 

Observed. 

Calcu- 
lated. 

Difference. 

1 

2 

3 
4 
5 
6 

7 

8 

9 

10 

11 

Sq.  Ft. 

5-550 

6-062 

6-986 

8-125 

9-443 

33-979 

34-504 

37-152 

38965 

42-965 

55*795 

Cubic  Feet. 

21,037 

23,805 

27,325 

30,579 

35,746 

117,691 

122,656 

131,640 

134.724 

147,898 

190,385 

I    Inches 

442,555,369  j    4*376 

566,678,025       4-353 

746,655,625       4-358 

935,075,241   |    4390 

1.277,776,516  i    4-358 

13,851,171,481       4-398 

15,044,494,336       4-387 

17,329,089,600  j    4-358 

18,150,556,176  1    4-378 

21,873.818,404  !    4-372 

36,246,448,225  j    4-400 

Inches. 

2-067 

2-211 

2-003 

2-021 

2-055 

1-735 

1-808 

1-809 

1-724 

1-708 

1-687 

Inches. 

2-005 

2-004 

2-003 

2-001 

1-998 

1-886 

1-875 

1-855 

1-848 

1-815 

1-687 

Inches. 
+  0-062 
+  0-207 

o-ooo 

+  0-020 
+  0-057 
-0-151 
-0-067 
-0-046 
-0-124 
-0-107 
0000 

h  =  2-009  -  0-000,000,000,008,900  V\ 


Appendix  D.— Table  35. — Pelton  Colliery,  Waddle  Fan. 


a 

6i 

o. 
H 

« 
1 

2 
3 
4 
5 
6 
7 
8 

Equiva- 
lent 
Orifice. 

Volumes  of 

Air  per 

Minute  at 

Normal 

Velocity. 

Squares  of 
Volumes. 

Depressions. 

Theoreti- 
cal. 

Observed. 

Calcu- 
lated. 

Difference. 

Sq.  Ft. 

5-72 
6-15 
9-07 
11-63 
3325 
34-41 
38-81 
65-47 

Cubic  Feet. 
21.201 
23,140 
33.930 

44,887 
124,238 
127,269 
143.6SO 
231,302 

449,482.401 

535,459,600 

1,151,244,900 

2,014,842,769 

15,435,080,644 

16.197,398,361 

20.643.942,400 

53,500,615.204 

Inches. 

4-588 

4582 

4-581 

4-583 

4-603 

4-612 

4-628 

4-668 

Inches. 
2-075 
2-140 
2-114 
2-084 
2-121 
2-073 
2-092 
1-919 

Inches. 
1-140 
2-140 
2-137 
2-134 
2-078 
2-075 
2-055 
1-919 

Inches. 
-  0-065 

o-ooo 

-0-023 
-0-050 
+0-043 
-0-002 
+  0-037 

o-ooo 

h  =  2-142  -  0-000,000,000,004,170  V\ 


Appendix  D.— Table  36.— Towneley  Colliery,  Waddle  Fan. 


a 

c  g 
M 

1 
2 
3 

4 
6 

5 

7 
8 
9 

Equiva- 
lent 
Orifice. 

Sq  Ft. 
3-432 
3-685 

6-752 
6-900 

15-666 
15-640 
16-281 
24-0(1} 
57-440 

Volumes  of 

Air  per 
Minute  at 

Normal 
Velocity. 

Squares  of 
Volumes. 

Depressions. 

Theoreti- 
cal. 

Observed. 

Calcu- 
lated. 

Inches. 

2-184 

2-183 

2-180 

2-179 

2-157 

2-156 

2153 

2-122 

1-850 

Difference. 

Cubic  Feet. 
13.510 
14.367 
26.020 
26,615 
59,099 
59,788 
63,279 
355 

203.676 

183,331,600 

206.410,689 

677,040,400 

708,358,225 

3.4  92.691,801 

3.574,601.944 

4,004,231,841 

7,806,606,025 

41,483,912,976 

Inches. 

4-364 

4-45  1 

4-456 

4-466 

4-461 

4-463 

4-455 

4-462 

4-479 

Inches. 

2-234 

2-231 

2-183 

2-161 

2-053 

2-096 

2-223 

2-020 

1-852 

Inches. 
+  0-050 
+  0-048 
+  0-003 
-0-018 
-0T04 
-0-060 
+  0-070 
-0102 
+  0-002 

h  -  2-185  -  0-000,000,000,008,080  V2. 
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LORD    (UPCAST)    SHAFT. 
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Fig.  46. 

Mean  Curves  of  Mechanical  Efficiency 

OF    THE 

GUIBAL,    SCHIELE 

and  Waddle  Types  of 

Ventilators. 
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